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Overview

The Seventeenth Advanced Research Projects Agency (ARPA) Systems
and Technology Symposium was held October 25 through 27,1994, at
the Hilton and Towers Hotel, San Fransisco, California.

These proceedings Include briefing material and corresponding text
presented by Key Speakers, ARPA Technical Office Directors, and ARPA
Program managers. Citations for the 1994 ARPA Director's Awards are
also included.
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Director's Awards

Sh

No. 602-94
(703)695-0 192(media)
(703)697-3189(copies)

IMMEDIATE RELEASE October 26,1994 (703)697-5737(public & industry'-

ARPA RECOGNIZES EXCELLENCE IN PAST YEAR

Director of the Department of Defense's Advanced Research Projects Agency (ARP.) Gary
Denman yesterday announced the winners of the 1994 ARPA Director's Awards. These
av•ards, which have been presented since 1985, are designed to reward and encourage
excellence among scientists and engineers working with and for ARPA.

Norman Ortwein, of the Research, Development, Test and Evaluation Division of the
Naval Command Control and Ocean Surveillance Center, San Diego, Calif., received tl~e
Director's Award for Sustained Excellence by a Government Agent in recognition of his
continuous performauce well above standards. Ortwein's exceptional leadership and

-eorml management skills, and his positive "can do" attitude effectively helped ARPA program
managers to quickly begin and efficiently manage the Micro Global Positioning Satellite
program, the High-Speed A/I) Converter Program and the ULTRA Electronics Program.
-Denman noted, "Mr. Ortwein is an effective agent in discharring his responsibilities to the
government and the U.S. taxpayer. His contracting experien, enabled him to negotiate
significant cost savings in contracts for these key ARPA effo. ts."

Denrman recognized Dr. Barry Gillbert and the lligh-Speed Signal Processing Group of the
Mayo Foundation, Rochester, Minn., with the Director's Award for Sustained Excellence by a
Contractor. He noted that the team's sustained technical support of advanced technology
development was above the high standards expected by ARPA, and resulted in key technical
accomplishments. The performance of Dr. Gilbert and his team permitted rare successes in
important microelectronics and electronics packaging programs at ARPA.

Three D)irector's Awards for Significant Technical Achievement were awarded

The first, to Professor Lambertus Hesselink of Stanford University's Center for Nonlinear
Optical Materials, was given in recognition of his demonstration of the first fully automated
digital holographic data storage system. Professor lIesselink managed to overcome the
roadblocks that in the past have prevented previous researchers from making a working



Director's Awards
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The Multimode Processing Array Project Team of Hughes Space and Communications
Co., El Segundo, Calif., also received the Director's Award for Significant Technical
Achievement, in recognition of their development of a 20 Gigahertz digital beamforming
phased array antenna module that provides the basis for a lightweight downlink transmit
antenna for Milstar-class satellites. The team's dedication, and the willingness of Hughes to
cost-share ihe development of this important technology, was instrumental in the successful
demonstration of the antenna module in June 1994. Their single module meets all thc
downlink requirements of the 13 antennas used on today's Milstar satellite, and will be able
to reduce the size, weight and volume of future satellites.

Denman also awarded the X-31 Enhanced Maneuverability Team of Rockwell
International and Deutsche Aerospace his Director's Award for Significant Technical
Achievement in recognition of the team's many demonstrated achievements and aerospace
"firsts." Denman mentioned John Perry of Rockwell and Peter Huber of Deutsche
Aerospace as company program managers. The team demonstrated significant agility at
extremely high angles of attack; agile and carefree handling within the full post-stall flight
regime; the significant combat value of these advanced technologifs during engugercicnts

with a modern front-line fighter aircraft; and, the effectiveness of thrust vectoring for
stability and control at supersonic speed

Denman also noled the achievements of two key ARPA program managers, presenting
V" Ionel Robert Reddy, USA, and Kaighiam J. Gabriel with Director's Awards for Spccial
Achievement.

Reddy received the award for Outstanding Accomplishment in the Systems Arena in
recognition of his management of the Advanced Distributed Simulation Program. This
program is the largest and fastest growing simulation technology development effort
Defense-wide. His unique ability to harness future technology to meet -al-world Defense
requirements has been key to the program's successes. Denman indicated, "Bob Reddy's
~ARVA 11 . A 1a %0199 AN "StVIO £ AII aMjUM , w , L1C Oylki i AAMAMI Vi~ ~ i VV 421U -E U jC, 4 I y F4~ -- I.,&6L..Q _41.6_ r

of Exercise Atlantic Resolve 94. This will be the largest, single, distributed simulation
exercise ever conducted. and will involve all three Services operating from 16 geographically
distributed sites worldwide."

Gabriel's award was for Significant Technology Innovation (or Scientific Finding) in
recognition of his efforts with the Microelectromechanical Systems (MEMS) program.
Gabriel's exceptional management and technical knowledge moved the program from a

modest start to a nearly $30-million, 30 project effort. Denman noted, "Ken Gabrial has
taken ARPA's NIEMS program from a laboratory technology to a core manufacturing
capability for the next decade, and he did this in just two years. He has also served as an
excellent spokesmnan for MEMS technology at workshops and conferences."•



Good morning ladies and gentlemen, and welcome to the 17th ARPA
Symposium. It's called the System and Technology Symposium today but it
wasn't always called that. When the symposium was first started back in the
early 1970's, it was called the Strategic Space Symposium and it was sponsored
by the Strategic Technology office, and it was usually held in Monterey. Over
the years, the symposium has evolved, we've got a name now that represents a
broader set of topics across the entire agency. We have participation across the
agency by all the offices and it has evolved from a classified symposium to, this
year for the first time, an entirely unclassified symposium. This year the

Y j presentations are made by ARPA personnel only. In the past, they were made
by a combination of ARPA personnel and contractors. But what has remainedi ,•the same, is the purpose and that is to inform industry of what we are doing.
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With tie decreased defense budgets and increased pressure on the S&T programs, it's
impoltant that government and industry keep in step with each other - that we share with you

what we're doing and that we try to mutually leverage off cf each other's investments. So over
the next three days, we're going to be sharing with you what our plans are and what some of
our technology visions are and some of the trends that we see. I believe that you all know that
ARPA has no laboratories, that all of the money that we spend is either spent in the private
sector or with other Fede-ral agencies or DOD labs. This past year, we managed a budget of
$2.9 Billion. This chart shows where the money was spent and you can see the bulk of it went
to industry -- 65%. And when you look at the non-profit line, it includes $90 Million of
SEMETECH funds. A significant part of our money is spent with industry, but all of the
participants you see on that chart are important to our program. The federally funded research
and development centers, labeled F-FRDC, include organizations like Lincoln Laboratory, the
Mitre Corporation, the Software Engineering Institute a•id also the national labs such as Sandia
National Lab. The Universities have always been aa important part of our program, they've
played an especially important role in much of the information technology. And the
government labs, both the DOD labs, NIST, and the Department of Transportation.

Federal money only tells part of the story, there has been an increasing trend t3 fund
consortia and partnerships and to do that jointly with industry. During this past year, Fiscal
'94, we funded 210 consortia Joitl, with industr, where the industr, share was over $!
Billion. When you consider the money that was spent for IRAD, there is a significant amount
of money that we leverage or that we would like to be able to work jointly with you on. In
addition to the money that we directly spend, we have also changed some of our procurement
practices to make it easier to work with industry. We now make extensive use of new funding
agreements called "Agreements and Other Transactions." In fact, our own contract shop this
past year put out about $850 Million and nearly $500 Million was in the form cf grants or
other transactiois. Less than half was for traditional contracts. As we look toward '95, we

have an appropriated budget of $2.8 Billion. In addition, there aic many programs that we will
be doing jointly that are not in our budget and these include such things as the ASTOVL
Program, The Tier 2-plus and Tier 3-minus programs, some of the University Research
initiatives and several others. It is very likely that we will manage over $3 Billion in fiscal '95.
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For this particular conference we've chosen to organize the agenda around four themes following
the plenary session. The themes on Information Technology and Afford ability represent major
investment areas that we're making at ARPA, and we want to share that with you. We have a
number of programs which are reaching maturity, and they've done very well, there are also new
opportunities that result from these mature efforts. And we have several new technology thrusts. So
over these next three days, you're going to be hearing from program managers, office directors across
the agency telling you what we're doing and where we're going.

In addition to the structure that we've organized for this symposium, we have the traditional
organizational, or office, structure and that's the way manage our programs. The top 4 boxes on this
organizational chart, in the blue color, we often think of as system offices focusing on systems and
applications. The bottom 5 represent technology offices. This is the current way ou" technology
program is organized and managed. We have recently announced the appointment of two office
directors, and I'd like to share that with you this morning. Sonny Maynard with head the
Microelectronics Technology Office, or MTO as it's often called, and Howard Frank will head the-
Computing Systenis Technology Office, CSTO. These will be effective the first of November.

Before we go on with the rest of the program we have a few announcements. We've got a number
of program managers, office directors and other personnel here this week. To identify us to you
more easlily, most of us are wearing blue ribbons on our name tags that say: "ARPA."

There's a message board and if you need to have messages directed here they will be directed to
the events office in the Lombard room. Also, messages that come in will be posted in the back of the
room. You've all got badges, you need those badges to get in here and you should have gotten a little
red card for the banquet tonight. And at the end of the session on Thursday, we will put out a
questionnaire that we would like you to fill out. We're asking you to evaluate how we've done. We
took your suggestions after the last symposium, we've tried to improve in a number of areas where
you gave us specific feedback. We'd like to continue to do that. So when those come out, we'd
really appreciate it if you would take the time to fill out those forms and give us your feedback. I'd
like now to introduce Dr. Gary Denman, the Director oi ARPA, and he will introduce the next two

spa"rs
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My welcome, and good morning. Dr. Adams failed to meittion that the last time
the ARPA Symposium was held in this part of the country, it was, as many of
you will remember, a rather significant event. Unfortunately, it coinsided with
the tragic event of the earthquake here in San Francisco. What I wanted to
announce this morning is that you may have noticed on our organization chart,
that we have the Nuclear Monitoring Office which has primarily a seismic
monitoring focus. Ralph Elwine, the director, decided to stay back in
Washington at the seismic center. But he did promise us that we would be told
10 minutes afterwards if there's an earthquake here. So you can all feel
comfortable that we're going to have good notice after the earthquake. It's my
pleasure to introduce to you this morning our first keynote speaker, Paul
Kaminski. Dr. Kaminski is the Undersecretary of Defense for Acquisition and
Technology. Dr. Kaminski is certainly familiar to many of you here, he's
familiar to all of us in the Technology business and he's been a strong friend of
the technology business for a long time. Most recently he was Chief Executive

L a iategies arid Alliances aid lhe's also inost -eceutly been the
Chairman of the Defense Science Board. Some of his distinguished career time•:• as a career officer in the Air Force was in the early 80's when he was the

Director of Low Observerables Technology Office and as you all know, he
personally had a strong hand in the stealth technology that we see so effective
today in our military forces. Dr. Kaminski is also a member of the National
Academy of Engineering and it's my pleasure to introduce to you from the great
State of Ohio, Dr. Paul Kaminski.W3



Dr. Paul Kaminski,
LUnderSecretary of Defense for
Acquisition and Technology

Thank you Gary, it's good to see so many fiiends, old and new in the audience today. To
keynote the symposium is to try to give you some of the big picture for where we're headed
having had the benefit of about 3 weeks in my new job. I find my new job very interesting in that
I'm the first Defense Acquisition Executive who has two bosses who had previously held the
position. Both Bill Perry and John Dcutch held this job before I did. There's a good news piece
of that in terms of their appreciation for the difficulties and the challenges of the job. There's a
bad news piece as well, because each of them probably has some idea, not of the performance
specifiain but the deiailed "how-to" specification indoing the job. So I need to work through
some of thosc issues. I would say that my sort of overview assessment or appraisal foi the
environment that you're wodking in was very wý.ll summed up by Yogi Beara wh - fie said "the
futire sure isn't what it used to be", and it's not. We're in a period of very, very fun,.aiaental
underlining change. The end of the cold war, as you all know, has fundamentally changed the
way our whole national security needs are defined and pursued.

We had such a convenient algorithm in the cold war, it was almost executable in the F=MA
sense. In terms of being able to see very early on the development of a threat system. The ability
to infer when we might see it fielded against us. The ability to understand some of the technical
characteristics that we would need to overcome. The ability to plan a program in response and
execute it in a very understandable way. Well, unfortunately that paradigm is, to a large degree,
behind us today. In a post cold war environment we're dealing with a combination of regional
oonflicts, dealing the potential for the spread of nuclear weapons and other weapons of mass
destruction and we're also dealing with economic threats which can undermine our nationalsecurity program if not appropriately addressed. •

For the many of you in the audience who have a mathematical bent, the way I think about the
environment today in contrast to the environment that we've left, is that the mean value of the
threat that we're facing today is veiy much reduced. It's probably an order of magnitude lower.
Ironically, the standard deviation of the threat, the situation we're trying to deal with, is probably
up an order of magnitude. So it greatly complicates our planning and our need for flexibility irt
dealing with the future environment. Now as I said, we're in a perioi of very many changes.
We've seen significant reduction in our defense budget overall, but especially in the investment
component of the defense budget that affects many of you. We are seeing significant changes in
our defense industry and I would alert you that are more ahead. We have a great turn out today as
I look at this audience, an indication to me of the proactive attitude that's present with your being
willing to be agents of the change ahead.

To provide some perspective, let me share with you a story about a person operating during
similar turbulent times who was so frustrated that he turned to God for help. He said "Please
God, you've got to help me, please let me win this lottery," and there was no response. The next
day was no better. Again he prayed, "plhase God, you've got to do something. The only way I'll
get back on my feet is if I win the lottery. Please make me win." This went on for several days.
The man thought that God wasn't hearing him at all and after a while he was beyond desperation.
With the last breath of hope in his body, he turmed to God and said, "I beg of you dear God, all I
need is to win the lottery." Well, there was a long period of silence and this deep voice came
back to him saying, "Give me a break, at least buy a ticket." Well, all of you here today bought a
ticket. I hope I can encourage and involve you today in a strategy for change and I think it's
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Aparticularly important because, as you'll see as I describe this strategy for my perspective a large

component of this audience will find it's self on the cutting edge that will be acting as a principle
agent for the change that we see ahead.

Now, as I describe this strategy for dealing with change, I need to point out that there's one
thing that will not be changing, the underpinning of technological superiority, the foundation for
technological strength in the defense systems that we develop and deploy is .•ot changing at all.
The new administration and this team have that as a paramount objective and in the talk that
follows. You'll be exposed to a very logical, thoughtful and well describe S & T strategy that
Anita Jones has developed and is in the process of implementing. I highly recommend that to

What I want to do now is to move to some of the industrial base issues that will be

confronting all of us. If we look at the industrial base today, what we find is that our
procurement appropriations are down to about 1/3 of what they were at their peak in 1987. That
is a transient phenomenon. i don't believe that the size of our current procurement budget can be
carried out in steady state and preserve the modem equipment needed Lo support the bottom up
review force. If you look historically at budget adjustments, you will always find that the

S.... '•'i•procurement budget is the major effec:tive element in a period of change.
1k•i•i• I look back at our budgets over a period of about 50 years and if you wanted to find the beta

!•:•'/)•;•i•]analog in the stock market, the beta of the procurement is a little over two. What I mean nmy th~at

is when the top line defense budget changes by X percent, you will find typically that the
•i•' •'•'',,:,:,,,•procurement budget changes by 2X percent. That has to do with the fact that, for example, once
,• we've settled on a force size and we've equipped that force, let's say just for simple illustration
•)•'•Jthat we postulated the need for a force that has a thousand tanks and that we had 750 modern

tanks in the force and 250 older ones that we had a development and procurement program to
i,'!,•:•replace. If our requirement for the force was reduced to 500, not only do we need to not build
,.,•; ::••i:1those new tanks but we sort of have 250 in the bank and so for some period of time we needn't
' '•'•:'i]produce any. On the other hand, the responsibility falls to a person like myself to think long term
.:• ,,•.about the industrial base.
• :•:.;•What plans do we need to put in place to, at some time in the future, be able to produce tanks?

• Should we be producing at an inefficient rate for some period of time to keep a base alive?
i•, Should we let the base go down to zero and try to rebuild it later or should we adapt some
•i:: ~~~strategy that looks at critical components lokn at a commercial'•- industrial base to support, the

rest? The problem is that this isn't a simple question to answer and it isn't the same for tanks, as it
is for submarines; as it is for fighter aircraft. The department is in the process of looking at this
more carefully.

I would also say that in this period of transient development, one of the things that we are'4 doing is that we have the freedom in the short term to 'allow for our procurement account to be a
bill payer until we make more fundamental adjustments in the underlying infrastructure in the
Department of Defense. The adjustment in the size of our forces will not be temporary but will
be a permanent adjustment in the size of our base, our real property structure and some of the
underiying support elements. We have a major "Rack 95" process underway • ght now which
will take the next step in that activity.
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UnderSecretary of Defense for
Acquisition and Technology

indicated in this process that one of the ulteniatives io bL thought about in the defense

industrial b;,ise is to rely morre heavily on a coymmcrciý:' industrial base. There are several reasons
to think about this and this movement from a defense unique industrial base to an integrated
national industrial base is one of the fundamental elements of change that I wanted to talk to you
about. This, in my opinion. is a peninment change. It's a change in how we'll be looking to
manage our overall indwaria' resources for the defense department and for the country.

Going back to my tank story, in this environment, if we could have found for example, a tank
engine that was very close to an engine being produced, say. for a large truck and could find a
means to make application specific changes off that production line, we would be in a much
better posture than thinking about a unique line that supporled defense ,nly need. That's the sort
of direction we're going to be looking at as we look at our industrial base in gencral. Certainly
there are going to be areas in our industrial hase where there is going zo be no commerc:al
equivalent where the DOD will have tu Iook fundamentally after it's own base. A key example
would be ste'alth technology. I don't imagine that we're going to see any large commercial use ior
that technology or the underlying base. That is something thai the DOD will be forced to
continue to develop and support in and of itself.

In other areas, we will be looking much more broadly to obtain economies of scale by
leveraging our commercial industria, base and applying it to defense needs. We will be looking
to do the same thing in our technology base activities to look to pool into defense application that
which is being developed at the leading edge of commercial technology. To be able to put in
some hooks, perhaps, to influence a development in a particular direction that's more
advantageous to us. I would use as anA example that which we have done in the Department of
Defense with the conversion of commercial aircraft for our transportation needs through a
program called CRAF. We spent money to strengthen floors of commercial aircraft and paid for
an insurance policy to have the aircraft available for our use. Th;q greatly leveraged our base
rather than buying aircraft to serve that need.

To implement this kind of a sti-ategy of greater exploitation and reliance on our commercial
industrial base, one cf our major impediments are the barriers to buying commercial equipment or
using .commercial processes in our current DOD acquisition system. There are several reasons for
wanting to undertake a major program of acquisition reform, but one of the major motivations
hfom my perspective is ability to allow access to this commercial base; to, in fact, move in the
direction that I was describing to a base which is truly national in nature.

If we think about the characteristi zs of a national industrial base, there are at least two things
that thLis base needs to provide for us. Gne, is to give us the ability to insert the very best, leading
edge commercial technologies into defense systems wherever possible. Here's a situation in
which in the past D,, wnz driving very much of the technology hanv_ th!t it's neded. In many
areas, in particular, I would hgbghlight the areas of information technology, the development of
advanced electronics processing systems and some sensors, its the commercial base that's
leading. And the issue is providing access for DoD to this base. I would also project that as time
goes on and this commercial base ends up beinig the key driver in these several areas this
commercial base will be available to adversaries as well as to us and the premium will go to the
country who is most adept in being able to identify what's available, being to draw it to it's need,
being able to provide some application specific tailoring and doing this all with the shortest
possible cycle time.

V.4-NA
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Dr. Paul Kaminski,
UnderSecretary of Defense for
Acquisition and Technology

Another one of our challenges will be to get our cyclh tinic down for obtaining access to and
fielding commercial technology. Therr's another aspect that I think is equally important. and it's
sometinme forgotten. Simply developing and fielding equipment is not adequate muless we have
addressed how best to empioy that equipment. To develop the employment doctrine, to develop
the tactics for application and to integrate it into our forces. One of the major thrusts that we are
undertaking in the departmert to do a better job of doing that, impedance matching, so to speak. to
get ocr best equipment in the hands of people who can really use it effectively is through our

program of Advance Concept Technology Demonstrations (ACTD). It's a program I will be
strongly supporting and ii's a program in which what we are really doing is making our users a
smarter customer, better able to exploi: that which is being developed in commercial industry for
our defense applications.

An example of this kind of activity is the use of commercial integrated circuits in a program
like our modular avionics radar. Leveraging off a warm commercial production line to produce
SwhAt we .need at lower cost at a sustainable volume. Another characteristic that our national
industrial base must posse"s and support is the ability to integrate defense technology into
commercial production. This dual produce concepts must be pursued in two ways. First, the
commercialization of defense sponsored technology and products and secondly the development
and deploymcnt of new manufaouring technologies. in example of this case is the
commercialization of monolithic :aicrowavc integrated circuit (MIMIC) technology. This is
taking a defense technology, applying it for a commercial use, developing a scale again of
production. The benefit now coming back to the Department of Defense Iin having deployed that
production basel is to have access to it where we may be a minority purchaser [in terms of what's
being produced for a commercial base]. To have access again to a line which has the latest
technology implemented for our use, and which in a deciining environment might be too expensive
for us to support alone.

If we think about this kind of an environmnvt where we're relying upon and exploiting heavly
a commercial base, there is another premium to be.• placed on the development of skills in system
engineering and system integration. To he ahbe to cake commercial components and subsystems to
-rAize the enabling base and to successfully integrate them into applications that suppert our DOD
needs.

Let me talk now just a little but about acquisition rtofrm which I thir~k you can see is a key
enabler in %his kind of an environment. The issues again in my mind are the ability to have access
to commercial products where the encumbrance of dealing with the DoD has been a deterrent to
those suppliers working with the department and secondly, the ability to reduce cycle times so that
we can get equipment that's at the cutting edge integrated into our systems and deployed in the
field by users who can use it in the minimum time. Acquisition reform is not a new subject. Many
of my predecessors riave struggled with it with mixed success. The road to acquisition reform is
not going to be an easy one. Don't underestimate at all the challenge that's ahead in implementing
the program to improve our access and our cycle times.

For the past decade or so, many preeminent leaders and groups have studied the problems,
have made recommendations. Notable commissions, such as the Grace Commission, the Packard
Commission, the Writentiouse Study; I've been involved in several of those personally as a
supporting staff member or though Defense Science Board activities. This is an area which many

* people talk a good game but it is very difficult to actually get things implemented where the rubber
rmeets the ramp. Now, I think of this program to be undertaken in three phases. The first phase
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was the development of fundamental enabling legislation. That phase is now behind us with the
President's signing, last week, of th, Federal Acquisition Streamlining Act of 1994.

The Act doesn't include everything that I would like to have seen it include, but it includes a
great ded. Now the second phase of the program can begin and that is one of implementing the
reforms that we now have fredom to implement. The Act gave us a great deal of freedom, but I
would also say that there were a number of institutional barriers in the department which need to b-,
overcome. We are now at work doing that. I'm sure that most of you say the announcement made
by Secreta'y Bill Perry, putting what I would describe as the shoe on the other foot with respect to
military and commercial specifications. But, it is, rather than having the onus on the program
mnanager ofjustifying a commercial specification, the onus is just the otherwise. Where there is a
commercial specification available that will work, we'll use.

We're Llso in the mode of using performance specifications rather than how to when they're
necessary. The justification in this case is required to use a military specification. Now there are
cases where we're going to have to use military specifications where there is no equivalent or where
it's the right thing to do, so the policy has to be applied with reason. I think now the risk and the
arrangements, the onLes, is back in the right position. Along with this program of specification
changes, there are a number of process action teams in p)ace to facilitate development of ehctronic
commerce with the Department of Defense to simplify small purchases; to develop innovative
contract management approaches; to reduce the excessive tiemings in the use of specification and
standards and just to remove the whole family and fabric of underlying obstacles.

I think the system we are dealing with today was very well characterized in a little anecdote by
Mark Twaine who describe a cat that sat on a hot stove and his remark that that cat will not sit on a
hot stove again. The problem is the cat will not sit on a cold stove either. That's the problem we're
dealing with all the institution apparatus that has been set up, each to solve some particular problem
that developed in the past, not well recognizing the opportunity costs that go with it in terms of
limiting our flexibility, our access and our cycle time in the future.

Now, I said earlier that I wouldn't minimize the difficulty and obstacles ahead. So what's
different this time int the attack to undertake acquisition reform? I would say thet there are three
things that are fundamentally different today. One is the underlying need with the resources
available, something has to be done to be more efficient in that which we do and the need is well
recognized and well shared. The second thing is the commitment of the Administration and the
leadership in the Pentagon. This is absolutely number one priority for Bill Perry, it's number one
priority for John Deutch, it's number one priority for me and there's a team of service acquisition
executives who are in harness and it's their number one priority.

I would say, if every anything is going to happen, this is the time for it to happen. There's
wide-spread Congressional support, so we are serious about implementing this kind of a program to

,, ..... give us access to a national industrial base in the form I described. I would just close with one

more remark in acquisition reform. The metric, from my perspective, is not policy announcements
made in Washington or even legislation that's signed, the metric is what's actua!!y happening in the
field in our implementation. That's the feedback loop that has to be monitored and closed. That's
where I intend to put my attention. To see really what's happening betweeni the program manager
and the contract officer and the industry in terms of what's really being implemented.

As an indication of that, one of the policy arrangements that I've put into place is to stop this
business "we're going to fix our implementation on every single new contract that we sign, never

Smind all the old ones we have in place". My view is that the place to start is with the contract that
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are in place today to begin to get things to happen in the field. Let me talk a little bit about the role
of ARPA in this environment. ARPA has had a legacy in history that demonstrates an ability to
support this very dual use concept that I've described. This really is not a new strategy or approach
for ARPA, this has been undertaking in their leading technology program now for some period of
time. in fact, it plays to the strengths of the organization.

Historically, ARPA has supported technology areas of enormous importance to the commercial
as well as to the defense industrial base. Examples such as computer technology, networking,
advanced materials, electronics, communications technology are a number of the rich uteas in
whici: this has occurred. ARPA is extremely well positioned to continue to invest in the creation
and utilization of dual use technology. Many of the new business strategies have been
demonstrated by ARPA in the implementation of the technology re-investment project and in other
program areas.

This new way of conducting business is marked by, first, collaboration with industry and a
formation of partnerships to foster that collaboration. This model is an important tool which we are
using to move from the transaction based model of the past to relationship based models in place
throughout the rest of the worid. Second is cost sharing. The policy of cost sharing, in my opinion,
is crucial not so much as it doubles our investment but because of the incentives that it provides and
the guarantees of a continued commitment with each participant when commercial opportunities
exist by allowing for sharing both the risk .s well as the rewards of the activity.

Lastly, the other agreements authority that Duane mentioned earlier in his remarks providing
for the creation and use of new legal authorities and instruments; another very important tool. For
example, the TRP is making extensive use of this other agreements authority provided to it by the
Congress several years ago. This combination alows entry into cooperative agreements outside the
confines of our traditional government contract approach to foster cooperation and collaboration
and improve both the access and the cycle times that I discussed earlier. As I said in my
introduction, w(.'re in a period of dramatic change. We can see ways to improve our current system,
ways, in fact to do more with less resources and yet accomplish the mission. Some look at the
constraints that we're operating under in the current system stand back and they ask why? I
encourage and charge all of you to join with me, take a step back and envision what is possible with
this dual use approach and ask instead, why not? Thank you.

Dr. Gary Denman, Director:

Thank you very much Dr. Kaminski, we sincerely appreciate you taking the time from your busy
schedule and we sincerely appreciate you coining all the way out here to talk to us.
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Dr. Gary Denman. Director:

Our second keynote speaker is my boss, Dr. Anti Jones. She is the
Director of Defense Research and Engineering and as such, she is responsible
for all of the defense science and technology program for the full departmnent
including the services as well as ARPA and other agencies. Dr. Jones has
served in many advisory capacities to the department over the years ranging
from serving on the Defense Science Board, the Air Force Scientific Advisory

A Board arid also she wa just recently inducted into the National Academy of
Engineering. Dr. Jones has an interesting academic background, She comes to
the department from the University of Virginia where she was chair of the
Computer Science Department and her formal academic training was in
mathematics at Rice University followed by a Master's of Aris in Literature at
University of Texas at Austin, anid finally a PhD. in Computer Science from
Carnegie Mellon so she has quite an interesting background there. So, it's myr pteasur-. to introduce to you Dr. Anitai Jones from, the great State of Te.xas.



Dr. Anita Jones:

Good morning, it's a pleasure to be here at the ARPA Symposium. I'd like
to talk to you about the science and technology program in the Department of
Defense and I want to talk to you about change. In this post cold era, as many
pundits, many newspaper articles have told you, there are real changes. From
my point of view, although lots of people talk about the competition, the
military competition scaling down in the technology arena the competition just
got hotter. Instead of competiting with a, to some degree, a predictable Soviet
Union, we now meet, or prespectively meeting on the battlefield of techn,'ilogy
that comes out of the total global arms market. And that means our technoiogy
has to continue to be better against a stiffer competition. So for our program,
the demands got higher, not lower.

The objective of the Science and Technology program is to offir
technology options to the war fighters. To develop technology that can be
imbodied in a military capability to proffer it to the arms services so that they
can choose the system that they want to build and field in the future. And
those systems must continue to imbody technological superiority. As been
alluded to earlier in Dr. Kaminski's remark about standard deviation, there's
now what really a broader mission. There's more emphasis on peace keeping,
there is a more challenging counter proliferation mission and we have some
daunting challenges when we send just small numbers of troops into an urban
area to execute a mission; technology needs to protect them. At the same time,
of course, the budget is down and the challenge to the U.S. economy, I think
one can argue, is up. I want to talk to you today about our strategy for dealing
with this.
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One of the marvelous things about the Department of Defense is it still hasa mission and that mission is very clear. For the science and technology, that

mission is what guides the investment from research tthrough late technology

demonstration. The armed services have rethought, in fact, have reset some of
the objectives and we look particularly to the Joint Staff to lay out what the
objectives for the future are and I'll show you that on a succeeding slide.
Before I do. this, I want to make a couple of other points about a strategy for
responding to this new era. Rethink your objectives is the first point. Second
point is, with the budget down, we need focus not just on performance as we
have in the past but we need tturn technology to the objective tof building
more affordable systems and that's a real challenge. That's something that
hasn't had stem to stem attention and theiefore there's some real benefits, I
believe, to be reaped in both the near term and the far term.

As Paul Kamninsky alluded to, partly because of this new technology
competition, partly because we could meet many different advcrsaries in
regional conflicts, we need to more rapidly tiansition technology to the armed
forces. We need to rely, to a great extent driven by budget, on a combined
military commercial base for .he products that the armed services need. Again,
the bottom line is we need to maiintain -jur superiority. Includcng, with those
technologies that are uniquely nmilitary, which means that in the science and
technology budget we must ascribe a proper priority to those that protects that
investment.
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To elaborate on an earlier point, this is a description of the Joint Starfs
statement of the future joint war fighting capabilities and I think it showi you
that order of magnatitude standard of deviation. Much more stress on the
individual, protecting the individual in urban warfare, in urban police actions,
in peace keeping, more emphasis on counter proliferation. Now I've.iust beeni
focusing on changes, I do wanz to tell you that some things really are the same.



The science and technology program has continued it's form, if you will -
and I want to take a couple of slides to illustrate that.

It still has a basic reseaich component in which we want to develop
fundazmentally new ideas that might have applicadons to making quantum
jumps in military capability. We have invested in the long term, we will
continue to invest in the long term. The bulk of the investment, however, is in
exploratory technology and in advanced development where we're drawing
tz~chnology out of scientific ideas, trying to capture sometimes slippery ideas in
the laboratory and finally fielding demonstrations in quasi realistic senerios to
try to demonstrate with, as high a fidelity as we can, their military applicatioa.

A



To show you this graphically, this is a depection of the defense research
budget. It's basically 20% of the roughly 8 billion dollars annual science and
technology budget -- 20%. Most of that, by the way ,is not in ARPA. Just a
few percent of ARPA's budget is actually in the so called 6-1 or basic research
account. Point being made here is that the budget is broadly spread. That's
necessary to prevent technology surprise.

It is ramandatory to be able, either in a university or an industry, to replicate
experiments when one hears about them, to have a standing infrastructure that
really does understand the leading ideas in a particular area. So you'll see the
fundamental sciences listed here and of course, you see sciences tightly
corralated with each of the services, teiresterial, air and ocean. You'll see a
heavy emphasis on electronics and particularly in this area ARPA is a player.

4-
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There was an earlier question about university funding. University
performers are important contributors, important performers in the science and
technology program and we continue to look to them. I think universities have
a challenge and one way they are rising to that challenge is over, say, the last
decade, universities have formed more than a thousand university industry.
Whether there's government, state or federal participation or not but industry,
university consortium and partenerships. Another way universities have risen
to what the challenges of today are is both in principle investigater programs
and also in these kinds of consortia, you see alot of multidiciplinary work
where I think a lot of the gold today is to be mined. Our universities are
organized by department and we have come to realized -- we, you see it's a
throwback to university life.

Universities have come to realize that in the research area, as well as in the
education areas, that there is much benefit to be had by coupling diciplines,
spanning department and consortia are one way to do that. Roughly, 80% of
the science and technology program is in the technology investment accounts
6263 -- if you speak that language. This percentage-wise along the horizonta-
access is where that investment is being made. So to first approximation,
you've got 5% in a wide variety of diverse technologies.

The Department of Defense will continue its investment in a diverse set of
technologies. Partly because we seek technological superiority in all kinds of
ways from the food that we feed troops in the field to our ability to manage
logistics and maintenance to the more usual examples of weapons and sensors.
I might point out again, the ARPA investment is primarily in the technology
end and so roughly 98% of their budget is in the 6263 arena.
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So how are we proceeding? You have a document that's called the
"Science and Technology Strategy" in your package of conference materials.
Working together with the services and with the agencies, this is the strategy
we've hammered for moving forward. I want to highlight some of the elements
of it in the remainder of my talk. We wanted to write it down, partly because
we need to communicate it to you, particulariy to you. Partly because it
represents a real culture change within the Department of Defense. It marks a
change in the way we're doing business. That change is in progress, it started a
while ago, it's far from complete.

FT
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We need to see change in the services anqd the agencies particularly in the
laboratories. So what are the main new elements? The first one is to harness
technology to reduce the cost of sysiermw; to Lu,.e best commercial products,
practices, and capabilities. Dr. Kaminski highlighted a number of aspects of
this. We're investing roughly a billion a yearjust in the science and
technology program. nevermind what's out in the procuremecnt orA ~modernization accounts, to improve manufacturing proces~ses, We're

V.4 particularly agressive about exploiting simulation, we use it a.ýL-.dy heavily in
training, but it ne~eds to be harnessed in the area of manufacturing. We need toV use it in our requirement setting.
distributed down to a single workstation. There're mirad opportunities to get
tighter control of processes wheth(tr they're requirements, manufacturing,
product improvement and evolution and maintenance. We need creative ways
to inse~rt technology into long life- systetms

The second poait on the "How Do We Proceed" slide is "Dual Uoe".
Again, Dr. Kaminski talked about this at some length and so I won't dwell on
this. Except I'd like to give you sorme examples, some concrete examples, of
doing business in a different way.
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The first one of thow is a consortia, in fact ticire are going to be four
examples of consortia. This is a several year old program that I think is an
excellent exanple. The integrated high performance turbine engine program
which is lead by the Air Force involves all the services and NASA, and the
leading corporations in high performance turbine aircraft engines. There is
cost sharing, industry share is substantial. The objectives are well thought out
and clear. They have to do with peiformance, they're usually described as
performance, for example, increasing thrust to weight ratio. We have
objectives that are quantified and associated with a date. This program is
roughly on track for it's '94-'95 objectives, maybe a slightly bit late; but in fact
they are meeting their objectives. I would point out that. these are not just
performance objectives. If you improve thrust to wight then in fact you have

to pay the less logistics cost for getting fuel to the aircraft, both the cost of the
fuel and the cost of the logistics, the lift to got it there. So these are not just
performance objectives, these are affordability objectives.

. ..



Second example, here's a "Me Too" program. This was fashioned after the
high per~forruace turbine program, it's in rocket propulsion. It's Army, Navy,
Ait Force and NASA, it involves leading corporations in this area. It again has
matching to that iidustry is making it'-. own decision about whiethr it wat to
buy into these objctives. The objectives are quantified; associated with dates.
They are things like lip.proving specific impulse power. That's a measure of
effleawy arid if you can increase it by 5 seconds, that's the unit of measure for
an, Atlas r'~cket for example, you can inc~rease the payload by a thousand
pounds. The failure rate is failure of stages, today that 4 in a thousand. 25%
increase wouldl mean we would have 3 stage failures out of ~i thousand firings.
So again we have quantified, time stamlped objectivos.

alms



Next program is an ARPA 14 A program in high performance composites;
1.4 this is relatively new, it is cost shared. The objective is to improve the

manufacturing process in high strength, high temperature materials -

perlicular focus on areospace structures.



Next to last example, •his is a Rotocraft Center, this is Army lead. The
Army realizes that it cannot maintain, on it's own, a defense Rotocraft industry.
It's paying substantial attention of how to work with commercial industry. For
example, when we built and qualified the T800 engine this last year, FAA
certification and Army certification, against different standards, was achieved
at essentially the same time sc that the engine went to market available for
both applications. Again, there's industry matching funds because the
objectives serve commercial product development as well as nilitary J}roduct
development. We want to simplify and bring closer together the requirements
and standards, the specifications. We waat to achieve 24 all weather civilian
Rotocraft operation and many of the issues are the same. Many of the failure
issues are the same for both civil aid cormmernial heilo operations.
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Here's my last example. The familiar S1iMETEC, this is an ARPA lead
consortia. Industry really sets the objectives and certainly industry sets the
implenientation program. It is cost shared. The objective is to maintain our
leadership in the semiconductor competitive market place; strong focus on
manufacturing and the supporting tooling. Tial's been a very successful
partenership. Back to the center slide, I want to talk about transition of
technology, insertion of technology. We do have a new program that Paul
alluded to. That's the Advance Concept Technology demonstrations where we,
in fact, involve the operators substantially in defining a technology
demonstration with operator participation in that demonstration and with some
residual capability left with the operator to explore tactics and doctrine. It's not
enough to field a technology, to show that a system will work. It only works if
it works in the context of the tactics and doctrine that the leadership pursue
when they imploy that system. Companion the techaology transition is
insertion and maintaining inhouse expertise, particularly the challenge today is
in house expertise that understands what's happening, what's about to happen
out in industry because industry makes a larger investment in R & D than the
U.S. Government.



Back to the center slidte, as I said, there are somec aspects of the prograin that remain the
salike. We continue to invest and promote basic research because our edge often comes froin
surprisinig quarters. Scientists louking to solve one problenm, haitching a wholly new solution to
nuaybe even a different p~robleml. It remahis ani objective of the DOD sc~emnce and technology
program to assure and improve it's quality. So inl conclusion, the DOD sceince aid technology
programn is chaliging not inl Form but inl accepting both a broader set of challenges that it must
meext.

A rapid technology comipetition cycle ill which it must In~ succes~ful and a real chanige ill
the way we do business. F~or us it' a culture change, we particularly look to industry to propose
new so~lutions that, inl fact, honor our new aftordablity objectives maid sit well with tie
obJective of' having anl integrated commercial muid military industry; buying military products
off an industrial line. Long reach and technology breakthrough% have long been ARPA's
ob~jective and ARPA's strong suite. I W-lieve you canl achieve that same quality of result whvin
you take on the affordability anid dual use challenges as well. So this is not just it challenge for
our laboratories, it's a challenge for ARPA and I look forward to their contribution to this. One

of the inarvelous t'mings Luid I said beore, is that the DOD has u clear mission.
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One thing that translates into for the science and technology progriai, is that focus on
harnessing techinlogy to deliver a capability and that means, that we focus on not just
developing the technology, but focusing on all the elements that are required 1o deliver that
capability and today to deliver it affordablly to the war lighter. ARPA has been the major
player in investing in manufacturing. lalluded to that earlier. This cud-to-end view that having
to actually de!iver a capability for somebody to use is a wonderfully focusing impets and it
leads you to ask the right kinds of questions of how do I actually get frow here to there. Not
j:tt ask the question of what's die latest whiz-bang technology that might do so801ething.

Let ine close by dtanking ARPA for inviting ine to be able to talk to you. I'd welcome
your conmnments on fle science and tchnology strategy, I particularly welcome your help in
acheiving the goals that we've set out there. Does it wake a difference? Well, it makes a
difforence, not just to the DOD amd I thought there was one aspect of this conference that I
would call out to you, just in case you missed. ARPA is very good at arranging symposia, but
I want to point out to you they have really gone a step beyond today. If you noticed in today's
morning edition of' the San Francisco Cronicle, on the front page, the banner headline says
"Watch the news on your PC at Work" . One of tie derivatives of an early ARPA investment
in what caine to be known as the ARPANET, which this year is 20 years beyond the fime the
first elements of it were put in place, here's CNN and Intel deliverying CNN to the PC in your
work place. V`e at DOD are pro)bably a prime, prine ciindidate for buying that, And that
would not In" there except for some early ARPA investment, that would certainly not be there
today. Just in case you mis.sd thal and went straight to the business page, the banner headline
on the business page is "Internet Advertising May Not Pay". It's a very interestng article, I

onminend it to you, again, we'll credit ARPA with the !NTIiRNET existing as it does today
and for them making the founding moves. The INTERNET server 20-30 million users. I read
with surprise that it's 86% miale, I don't understand that. 'in cetlainly an avid user.

The thing that is quite surprising, though the average age is 30.7 years, most of those
people are student, faculty, and staff imn the univeristy and if you're in the advertising business,
that's not a good market. But it really gets worse, I really did find this an interesting article,
but it really gets worse because they thought the WorldWide Web probably catalized by
Mosaic; was going to be the easiest place to spread the advertisting. That covers 56% of the
users, I read with real trepidation th re's 94% amale. Some one did a survoy, this is not my
number, I report what the Chronicle 3ys, but for the advertisers it really gets worse, they're in
tihe 21-30 year old raige and they REALLY d, 't have any money to buy anything. So AIR1PA
get it mostly right, but it's a long way to coxnnlirce because you've got to get the greyer
llor"tit m (if 11111r e'*f-olflt v ni th. htt•to'tel 11 h11 1 I hi k we'll m-,1' th r'n" Thsink iin v,.rv nitn,.h
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_A Welcome to the 17th ARPA Systems and Technology Symposium. To set the
stage for three days of briefings that I hope you will find informative, it is
appropriate to reiterate the ARPA Mission, which has remained essentially the
same since ARPA's inception in 1958.

As the central research and development organization of the DoD with
primary responsibility to maintain U.S. technological superiority over potentiý'd
adversaries, ARPA pursues imaginative and innovative research and
development projects having significant potential for both military and
commerial applications. We are also chartered to support and stimulate a
national technology base that serves both military and civilian purposes through
technology sharing and collaboration with broad industry segments. Basic to
our mission is a focus on scientific breakthroughs and revolutionary approaches
which lead to fundamental change in DoD's ability to execute national security
policy. The emphasis on• fundamental change is vital to all ARPA projects.

We have a pi'oud heritage of over 35 years of innovative technology
development and transition. We have traditionally and will continue to
undertake the challenging projects with potential high payoff--projects that will
change the way DoD prepares and conducts missions in the future.

I;
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While our mission has essentially endured since 1958, the world continues to
change. In the last 3 or 4 years we have seen drastic changes. The threat our
forces must prepare for is very different and in many ways uncertain. Our
military is called on to respcnd to non-tradtional missions such as
peacekeeping and humanitarian assistance. The regional conflicts that our
troops must faice today, possible simultaneously, will be faced jointly with our
allies, challenging our ability to train as well as plan and execute missions.

We must face the uncertain future with decreased budgets, fewer major
weapon system procurements, and a smaller force structure. It is now more
important than ever to find affordable ways to conduct effective defense. This
is a primary challenge--and where a significant portion of our research is
directed.

As the DoD downsizes so must industry. The challenge to industry is to
consolidate or diversify toward commercial markets that will also be capable
of serving defense needs. At ARPA we must encourage the development and
transitioni of technologies that will enable industry to quickly produce and
market products as commercial--off-the-shelf items that will significantly
improve DoD's ability to acquire affordable products readily. Fostering an
integrated inilitary-conunercial industrial base is an essential part of our
strategy

The challenge to us all is to make the fundamental changes required to
effectively respond to the new world.
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In responding to the new world order our number one investment priority is a
broad based information technology program that will allow us to quickly
ignite the advancement of ubiquitous information access and services. This
afternoon we have an entire session dedicated to addressing our program.

We are also responding to the changed world by focusing on enabling
affordable products. One part of this is our dual-use strategy that will
ultimately allow industry to integrate commercial and DoD enterprises to in
turn enhance the DoD's ability to procure the products it needs in a timely
manner. In addition, our affordability focus encourages investments in both
end products and new processes that will provide thme capability we need to
maintain technological superiority. New processes include management and
business processes in addition to design and manufacturing processes. In the
business area ARPA is experimenting with new ways of working with
industry. We have been granted the authority to enter into agreements with
companies, relieving unnecessary contracting burdens, eliminating non-value
added activities, and enabling government and industry to define the way each

party can work together most effectively.

We are continuing our focus on bringing forth key military capability,
especially in bringing information to the warfighter, technology for OOTW,
"precision and flexible strike and advanced simulation. These areas will be
addressed in several briefings over the next few days.

And, finally we will continue to maintain a goal of transition breakthroughs
by demonstrating capability in robust demonstration programs.



ARPA has a legacy of accomplishments over the last 35 years, resulting from
its willingness to undertake ch'alenging problems and the willingness to

sustain the long term commitment necessary to find thc best solutions.

The topics listed on the left of this slide are some of our long term successes.
In many cases we can see entire industries that have emerged from our initial
investments and sustained support.

"The right side of the slide highlights some of our most recent successes. We
continually strive to make a difference and accelerate technology innovation.

I will take a few minutes to relate a few stories in each category.
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ARPA's sustained, strategically aggressive investments over the last 25 years
in computing technologies have resulted in revolutionary capabilities for the
DoD and the nation as a whole. The computing industry as well as the
supporting industries that have emerged from many of ARPA's investments are
"too numerous to address in this forum. We can, however sight some examples:

• Cost-effective high performance architectures have evolved from our
__ earliest RISC (reduced instruction set computing) rese&'ch; scalable parallel

systems are now being used in workstations, clusters cf workstations and
servers, and in even the world's largest supercomputers.

Computer graphics technology, pioneered by ARPA over two decades
ago, has evolved to innovative visualization technology and the creation of
complex virtual environments.

• Software technology in operating systems, compiler, library technology
All and parallel environments has evolved into important capabilities such as

mnicrokernel technology, distributed systems across local and wide areas, ard
approaches to architectural independent high performance software.



Welcome to the 17th ARPA Systems and Technology Symposium. To set the
stage tor three days of briefings that I hope you will find informative, it is
appropriate to reiterate the ARPA Mission, which has remained essentially the
same since ARPA's inception in 1958.

As the central research and development organization of the DoD with
primaiy responsibility to maintain U.S. technological superiority over potential
adversaries, ARPA pursues imaginative and innovative research and
development projects having significant potential for both military and
commercial applications. We are also chartered to support and stimulate a
national technology base that serves both military and civilian purposes through
technology sharing and collaborztion with broad industry segments. Basic to
our mission is a focus on scientific breakthroughs and revolutionary approaches
which lead to fundamental change in DoD's ability to execute national security
policy. The emphasis on fundamental change is vital to all ARPA projects.

We have a proud heritage of over 35 years of innovative technology
development and transition. We have traditionally and will continue to
undertake thie challenging projects with potential high payoff--projects that will
change the way DoD prepares and conducts missions in the future.

. ..



While our mission has essentially endured since 1958, the world continues to
change. In the last 3 or 4 years we have seen drastic changes. The threat our
forces must prepare for is very different and in many ways uncertain. Our
military is called on to respond to non-tradtional missions such as
peacekeeping and humanitarian assistance. The regional conflicts that our
troops must face today, possible simultaneously, will be flaced jointly with our
allies, challenging our ability to train as well as plan and execute missions,

We must face the uncertain future with decreased budgets, fewer major
weapon system procurements, and a smaller force structure. It is now more
important than ever to find affordable ways to conduct effective defense. This
is a primary challenge--and where a significant portion of our research is
directed.

As the DoD downsizes so must industry. The challenge to industry is to
consolidate or diversify toward commercial markets that will also be capable
of serving defense needs. At ARPA we must encourage the development and
transition of technologies that will enable industry to quickly produce and
market products as commercial-off-the-shelf items that will significantly
improve DoD's ability to acquire affordable products readily. Fostering ai
integrated military-commercial industrial base is an essential part of our
strategy

The challenge to us all is to make the fundamental changes required to
effectively respond to the new world.

4,



ARPAL has made considerable investment in luicr(2electronics in the Just 10
years. Our greatest contribution has beeni iii pushing the rate of innov'ation of
microelectronic components through "intrastructural" efforts such as:

* MOSIS

0 MMST

* Supreme

And a hiigh profile and successful initiative

*Seniatech

[ARPA has also focused on specific technology and process development
For enhancing military system capability. MIMIC and work in IR focal plane
arrays fali hsarea.
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Lw AR1IA is working to underst~and the Information lnii'astcucture services laver.
ActiviLies are under way in areas such as: Universal Netwoik Services,

- ~Integiation and Translation Services, System Software Scrvices, Data anid
Know Jsdge Management Services, Informiationi S ecuritiy Services, Reliable
Computing and Commnunications Services

K
IPIZ



lift

More recently we have seen a great success in the launching of the T'aurus
...... sinall launch vehicle. As a small launch vehicle, Taurus provides affordable,

rapid launch capab'ility for downsized satellites. It can deliver 3100) pounds
into 100 nautical mile easterly orbits or 2500 pounds into IGO nautical mile

jom polar orbits. On March 13th of this year Taurus successfully completed its
maiden flight, placing two DoD satellites into low earth orbit.

A. series ol pathlifnder demonstrations provedl that a T1aurus launch Site
could he established and a launch could be conducted within an equivalent of 8
days after equipment arrival and within 72 hours of encapsulated payload
arrival. This rap)id response of"I'aurus sets a new standiard for launch base

opeations, significantly reduces "standing a-my" costs, and eliminates the
iiced for expensive penmanenxt launch infrastructures.



This chart depicts the H-ave B~lue aircraft and the well known resulting
operational F-I 117 aircraft. Today all miajor military aircraft since Have Blue
harve had stealth requirements in one fomni or another. AR1PA efforts, in

- partnership with the Air Force, produced [lhe first low observable aircraft. In
addition, A1{PA developed the first analytical methods to perform calculations
of stealth vehicles, wid ARPA's advanced miatel-ial research contributed
significantly to the advancement of stealth techniology.

While the value ofp~rotecting vehicles, especially aircraft, from sensors
(radar) was highly supported by the services, only ARPA could afford the risk
to uiidertako thre research and demonstrations necessary to lead to more
survivable weapons systemis with increased effec:tiveness. We zire all awar'.- of
the great success or the F- I 17s in the Persian Gulf war.

.... .



hli responding to the new world order our iiumber one investment priority is a
broad based information technology programi that will allow us to quickly
ignite the advuncemeiit of ubiquitous infornmationl access and services, This
afterxnoon we have all entire session dedicated to addressing our program,

We are also responding to the changed world by focusing on enabling
affordable products. One part of this is our dual-use strategy that will
ultimately allow industry to integrate comimiercial and DoD enterprises to inl
turn enhance the DoD's ability to procure the products it nieeds ill a timely
manner. In addition, our affordability focus encourages investments ;it both
end products and new processes that will provide the capability we need to
maintain technological superiority. New processes include management and
business processes in addition to design aid mnanufacturing processes. li the
business area ARPA is experimenting with new ways of working with
industry. We have been granted the authority to enter into agreements with

companies, relieving unnecessary contracting burdens, eliminating non-value
added activities, and enabling government aid industry to define the way each
party can work together most effectively.

We are continuing our focus on bringing forth key military capability,
especially in bringing information to the warfighter, technology for OOTW,
precision and flexible strike and advanced simulation. These areas will be
addressed in several brieflings over the next few days.

And, finally we will continue to maintain a goal of transition breakthroughs
by demonstrating capability in robust demonstration programs.

Fi



The last current success I will address today is the establislhment at an
infrastructure fIr innovators off nmieroelectroniechianicaý systems or MU~MS,
MEiMS are the enablers which will allow industry to leverage microelectronics
fibrication fom the purpose of making olectromaecliwiicalý devices f-or fluid
sensing and control, optical components and displays, inertial measureinent
uiiit,s and so I1UUI other devices too numerous to monltioll.

Depicted on this slide are 20 difierent MUSMS devwices that were produlced
in the last 6 months of this year. Five years ago MEMS waLS merely a

-- laboratory technology and a curiosity. Today WO vre Makin~g relatively
inexpensive MHMS fialbricittion services a.vailable to the general p)ublic.



Our successes ,-re borne out of a clear strategy to make a diffihrencc. Today
we are focused for tomorrow. Our research is loosely grouped ii'to three

20% (.ategories: Core Technologies, lInfrastr'ucture arnd Military Systemls. Core
technologies are those technologies that provide the mlaterials, cIleo~ronics,

. .. . .. .. ... .... software proces, computing, and coniponelits that are es~seitial for ineeting
- ~DoD systenis nee.ds. Today and in the foresceable future, ARIPA has made

11 Ir"9 sustainled investments ill these areas and will continue to support these areas inl
order to develop and build the niext generationl Military Cap~ahility. By vir'tUe Of
its nature, essentially all out' imesmet iawa ecsdrCr
Techinologies will serve to advaiwe commercial products as well as millitary
Systems

Infrastructure refeis to those technologies anid capabilities that enable the
4: lol to produce its miaturiel and train and care for its personnel. Th le Lrenld will

A continue o move towad a shar-ed national in Frastructure with greatrrlac
On the. civil sector to sup~port dehense needls. AR1PA will increase its
investment on progranis that canl reduce the costs associated with the extensive
DoD infrastructure.

The final investm-tent area, Military Applications, includes innovative
technology development inl support of improved, affordable muil itary capiability.
Our- main investments I Locu:; onl combat venicles, surveillance syste is,

conjnandand ontol systonms, advaniced silnuiation nd ),ci iol stike

0-t n~~ ~ 1 I&AM ..,b



Another recent success is ARPA's Infrared Synthetic Aperture Radar
(IFSAR) imaging capability. IlFSAR fulfills both military and civil mapping
needs. Us'ng the ARPA/TEC quick reaction Learliet system we canl1n0w collect
all-weather, low-cost, 3-mecter accuracy digital terrain elevation data
coregistered with SAR data. The procesing time to obtain accurate ground
truath is now hours versus weeks or mionthis as is the case with competing
System~s,

TIhe picture onl the left shows the height difference between USGS and
IFSAR digital elevation data 6roni the National Training Center in Ft. Irwin,
Ca. The data in this area were aligned and a post by post subtractiont
performied to obtain this difference inap. The blue area depicts tile portion of
the USGJS data where ground truth errors were relatively small. However,
sharp edges at the boundaries of the USGS maps are clearly visible in thie
upper left hand side of tie p~icture due to discontinuities in the USGS map

ges In.,. IA'1.,,.. d". m.. yelo md .. ,. IIIU%
ýUIL L~ AA, U1ý "A I VLIAa& . LIA~J/I AEyM&o .IU W

mlounltainlous areas i ndicate a horizontal offs~et in the. tile two data sets since the
errors are consistently lpositive onl one side of the mountains and negative oil
tile other.

TIhe picture onl tie right side of thle slide is San F-ranlcisco) and shows the
Presidio, Golden Gate Park and urban areas Ji1st so uth of the Golde'i Gate
Bridge. In this map blue represents water, greent - forests, yellow -lields, and

Y. ~urban. areas are red. Theimap) was automatically classified f'-os radj-P
ile~asured attributes such as interielonletric correlations coefficienmts, radar
1)ackseatter stiemmgth, pixel heights, and terraiii slope.
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Central to our current and future planned investment is a focus on a dual-
use strategy. We are investing in R&D in which the resulting products lead to
simultaneous or complementary improvements in both defense and civilian
products.

This dual-use strategy I see as having three components:

• Dual-use technology development

* Spin-out

• Spin-in

Dual-use technology development embraces almost our entire core
program; it is the development of technologies that are required for both
defcense and commercial products. In addition to dual-use technology
development, we are also concerned with creating defense access to
commercial technologies or spin-in of conmmercial products for defense
application. This "spinning in" of commercial products will increase the
market for commercial products previously not targeted for defense. And a
spin-out dual-use strategy seeks to preserve defense access to key technologies
by creating commercial opportunities for defense products.

Taken together these dual-use components are one part of our affordability
strategy.

*
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Theme:

ARPA's Information technology activities are developing and integrating
fundamental communications and computing techtologies and infrastructure as
well as automating key functions such as planning, decision making, and
execution. 'Ihe programs aim for rapid, user oriented, access to resources such
as data bases, sensors, effectors, testbeds, anchor desks, mediators, associates,
and computers. This enriched environment will expand human senses, extend
our reach, amplify our intelligence, and increase our ability to do productive
work. Achieving these capabilities will expand defense capabilities and the
nation's infbrmation technology lead.

A
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Modern infozrmation systems are built with building blocks. These include
development enviroaments, software toolkits, protocols and standards for
integration and interoperation. These building blocks ure often expressed in
terms of a three lavei architecture ol'appbications (end use programns), services
(building blocks from which applications are built), and bitways
(communications mechanisms and technologies).



ARPA's vision is to harness information technology to expand huniai' senses,
extend our reach, amplify our intolligence and increase our ability to ('o

prodctie wrk.Ourprogramis our oriented Luwvards creating an envirnet
where the war fighter will be able to plan. train, rehearse and excc ate with the,
Same tools and equipment using resources shared by either real oi %yiit!,('ic:
environments.



All of ARIPA's offices are involved in information~ tocchnology. '1he ARPA
offices aind their principle informiation technology activites are shown above.

K
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The "lBitways" are the phys4ical infr astruciture - the collection of transmnission
channels such as fiber, cable, satellites and broadcast links and switching
devices and computers which interconnect the channels into coherent
communications and computing systems. The 'Applicationls" layer represent,';
the capabilities provided to the end user to address specific applications such
as providn health care, manufacturing a product, dealing with a crisis, or
educating a class of students.

The "Services' layer is comnposed of thios elements of the infrastructure that
enab~le applications or manage the orderly flow of data through the system.
H ach of the three layers sustains a diverse base of technologies, supports a
broad base of suppliers, and can continually increase in capability over timec,

Services ar e the glue between the p~hysical network bitways and the
applications. Services provide data that call be accessedl and shared by mor(e
than one application. Services in-miag?_ Nie fiow of daL'a inl Ole bitways, provide
building blocks for applications, and providc the intc~facos for dispiays,
sensors, and other input/output device.. Nil 'Lcrvices pi~;vide capabilities for

!cctronic creation and diffusion of information needed to ;;atisf~y a diverse set
of applications.



One of the key changes in the AIUFA programi is mniuifested in the
emergence ci the Techinology Reinvestment Program ('IRl). We are now
entering our thir-d year of funidinig and beginning to see the first fruits of its
initiation.

Thle goal of the ptog-am is to stimulate tie tranisitioni to a gicowing
integrated niationial industril ajability. To achieve this goal we havL
conducted two competitins toattifot in the eCOngreS~i01na~y
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The Intelligent Integration of Information Program seeks to apply the
advanced software technologies to the problems of discovering,
accessing, and utilizing Information distributed throughout the
Infrastructure.

L i i ~ / i . i.i t ii i A h ., i i ~ i •l~ • ,..-
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The elemients tlaii compr~tise our' focus on affordability for future military
systems are Li:ted here. In addition to ou' dual-use investments wtn have
undertakeii several programs to supj )ort In tegrated Product and Pro cess
Development (JIPPD). Th'lese programs areý bringing to bear critical cost drivn
elements early in system design to enable responsible performance-cost trades.S
Activities such as simulation based design are included here.

qt We have aligned our niamfucturing andj Materials scioellees research to not
only exp~and the performance envelope, lbut to focus On ways to achieve
affordable, lot size indepenident, higher p-orforzmaInce products.

We see advanced simulation as a key Lliabler for reducing the exorbitant
costs associated with training out- forces, esp~ecially for non-traditional
missions. These efforts also extend to implrove plannming,

Our ibility to enter into agreements with industry is enabling us to
-pri 1ý11tji UIIaen ih newy and~ iiiuovauv'c tbusinlS praaeeus-- explicitly aunred at

reducing the costs associated withi doing business with D)OD.

tM Nore thant ever, today we are undertaking robust pilot demonstrations with
teobjective of accelerating the teansition of exporimental systems into

operational prototypes and operational systems. By p~ush~ing to field systems
faister we can :ichiieve marked cost savhigs.

Taken together, these elements of our affordability focus will. foster DOD's
ability to acquire the requisite military caJpatbihiy to meet our demands for
effective defense in a changing world.



We have CpUIl y. i etle tsilavaie developmencit ii 11sLup)I)Ul t o I' 111p)1 VIeJ, diJ~l&)dible

Control 'yxWIcIi' mind picc Iison %(Liike cipabihliticsý. Applicuii~ionim Cove.r tile himoamd spectria ii fl. ii' uilary
ticuss.d& ii Vestiileniis --fi oiii ai c0in1Mlmciit s4y'sici iis suchl as it radari, to am vehlicle oilcep~t to a 3ysteim

Creaited tI m pim tuh ile integraiomt ill' Ils as s dosiviimeI I tim Iii iss com iplex miilitariy open mlitio is, processes
aind chamlllenges.

Smomic oh the major prgrim)IiLUn mC listed hiere:

T 1he Wai Bruiak~ra l a'i' goal is to suipport inautioni al ind thI~i[emIt eon ii i1.lidurS Willi SCilsOiS
- th~~~~Ialk cuil licaml. Iili Le -cr~itica Ldulgl 5,ls ii ldi'iliiitioii lpr0cv5i i g techinology tha pro m v ides timely4 in tl I ignee tocm imile ~'ces to op erate iinside tilei strike c~ycle, mu id (fie next giei'ittioli sit ia it Wenkp oi is

ihoiciii'.i wc toi ia mliiicW uvem ouu ieiYepolo

to aiddiess operiationial sli uti mlls iii poorisituatimiial awaiCPL'55, slow ihniiirmitioii processiliig,
i Kadequimite, S'uivcihhmiiicc Ill iiialni, Iiipjlhi miiildmniglc mmjx.rmtiomicm, vehiicle/licistii idenitificationi, bod~y/

veli cIc im etioi, u i a 'prl n mtewe tols01 foruNC inl 0( 1 'W nVi ieni ' tc s.
Wh We imiV svrluiiuie vehclepimingai .s ' Mid 111I1)'01i1dll c loii s,. lI

system. Tlier 111 is oil iled at devel ol~igq m1u i mlloidabio e liigl clibauiacoc vehii ek ior iec( iniaissammn and
tagtnTiei Ill is a high aliucUAV with low ombseivaLies, (o Iiimprove suvvability ilhg

threat eni v iroiimenits. TIhe J hJV pirogramii is tom.:iisd oil ci mildesti IClliC m iiii itithIig and iieutiiizationm
op~eration i s iii shlml ow Wamiter

* The STO W (level op tiemi is diei lead element inl ARI1 A' s AD)S piogramu which is dcsigauei2 ito
.0expol it -m rai dly evol vii ip, coiliraLtili catito 11, s(1 iware, mand Coim puter' techitmolomg cs into ai simulation iii-

bawde( system iiWhIichi will signi i icmn iiiy miniter fi the tmWaty thle Dol" acqu01ires, trmuii.s aind operates iii linii
of, Criises,

Th le Jll it! i system immufdi sti i hated collhaborativye compt; utinig th at prov ides iiifoirmationii needed
by the ill conimiinadermud stall. Th e v isioin is to provide iniflot I imiti iii sUp por't mni y Wher( inl th1
wor mld anid ait an ytimie it tis imeced, The focus is onl distributed coll aboraitivYe hiii iniatiou tech niolog
that c,-iii supplort both isituatmion assCSSmen~t uiid phmnifflig.

~~~~~ Ill SIIi 51)01' of the (P11 I A RPA has beeni given hie iespousi bilil y [or I h. devcelop ment and
deni iin stiafioi of ii glo bad illi tor i ing system. Ti iis sy stem involvYes iietwork s ol'sc isors, inlCh din umg
ultra-si isiti vc seistmiic arramys, radi on ad id't detectoriis, ainid hiydroacoalstic sy stelms. Tile ic ham of' thiis
SyStiCI Ils ii JiN'0 itype Initeriiatioa DammiI mta C eie i MIM wi i ich miutmtiemidl y SeiCllies]C tile iiutegi ,mtCd
iimoiitoriiiig iieworks I01r signlSofm 1'ý 1LCeiul'eautes



-!,Wif the tdi (iv dowvn of forces [and( (ecru~isiit defense b)udgets there is it critical nieed it)
invest inl R&D) that can make the IDoL itnfastru.~ture eflective, olffieieiit, anid afToi'dable. Thle
trend will con tinue i to yev toward a shared uiatil al infi-astruetuic with greater rel iance onl thle
civil se':Ioi to su~ poil duifense needs. ( ui iiivest ments include desi gii and mnon o acttiriing,
heidath carte teciliioloL'ic-s, and~ fiiioriiiatioii hinfrastructure technologies.

Ill del igti ain d tomw l-kl~Lturing technology eltot ts our, goad is to invest ill tcecnllL ogies that
will reduc'e product li fe cycle costs. We are developinlg and demonstrating integrated
Computer Aided Liierg/onitiAided lDesign workstationis leading to integrated
Pro'duct and piocess develo[pm ent (11 'l11)) fbi ground vehicle and shi p systemsn. Inl weupon
systemls nnoffiuhctuiing we are dem'oiistratling tile. ability to substantially reduce costannd
[[ciICIeUl o Ohighjx~rom M-011,1iaco electromechanical devices such as m issilec seckers,

Inl health cure wea~c f'ocused onl battlefield combat casualty Care and a synlergistic effort
for a hicaidt carue ii' fr-astructute. Our- goal is to ci mb Ic remoi te diaiqmustic and im aging
eapambili ty, tele'surg ical Iueniori ng, anid remi ote telepresence medium. The hecal tl ciu'e

ii fastm ucture program is enabling the traimil fr[. o'cri tical in Forlmnati on ill tile battlefield tiumough
t I(- de velopmuIcli It of Ci clIi In i cal s8soc iat thtCLIU wi IIConne1 CCt proa C ti Ve ly 10tormed ica il anld heal tilI
knowlcdge bases to SUl)pot't its IserIs.

& In i it orinti oh ioliastucture we arc in vestintg inl a ntoumbter of* network research effi rts to
divel op proolf-of'-prim ic i Ie demnonstratioi s, geiierallIy in thie fort of advaiiced network testbeds
ill coot naitioim MillI industry, to [accelerate thie trans it ion in to 1af161dable CO illixeicial-of 1-tle-
sitel f I hoducts [[nd services for enid useis. linformati on privacy [[nd security will be a key parlt 0f
these investments.

And Finally, the(, Icchnology Reinvestment Project (TRP) is spccifically ainied at
stimuol atinog tIile i ntegiatioi ()[fa def'ense and com nimerci al industrial base thiat will significantly
eni'll i ce t(lie abilIity of' I ol ) to) obtain infi- astructural produicts and service.s all ordaf l y.



Security is tnle single cross cutting issue that will determine the ultimate
succew; of the vision of a National Information Inrastructure that can grow
int~o a scamless wet) of communicationis networks, computers, data bases and
consumer clcctronicswhich places vast amounts of information at user's
finigcrlips.
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Thle Health Information Infra~structure Program is using advanced software
- technology to extend the available window available for doctors to diagonse

and treat patients.
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ARPA's bitway programs cover many issues. In some programs, ARPA is
looking to leverage technology to find. order of magnitude improvements in the
basic performance of networks. Thiese offorts cover electrciaic and optical
systems and the data handling, switching and pri-,ocol issues associated with
tieing physical in~formiation channels together. In other programs, ARPA is
considering the future of networks where possibly million,, oif wireless and
mobile nodes may b,- tied into an fixed systems. In still other programs, ARPA
is creating technology Wo seamlessly interoperate between networks built from

diferet meiaad technologies.
difi mdaa



A key impediment to the growth of information infrastructure is the time and
cost required to develop applications. While developers have shortened the
development cycle by building software that is more modular, reusable and
interoperable, the dream of being able to develop software efficiently is far
from realiz lion. An even more difficult problem will be to interface newer
applications with the older, legacy applications of the past.

A problem of significantly greater proportions is inherent in the explosion of
applications ard services made possible by the propagation of computing and
communications. This is the prospect that the NII may develop along lines
where developers create multiple systems and applications that cannot
interonerate. ARPA's research programs aim to create an environment of
scalable, interoperable bitways and services upon which applications can be
built.

,T -



ARPA's Scalable Computing Program is creating technologies to develop
common component technologies and scalable software to enable an
expandable r" of capabilities ranging from high performance workstations
chat can be apl:Iied in command and control situaions to massively parallel
systems for solving computation problems of rnational scale.

..... ...... ...
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These are the presenters in the session.
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Our efforts in Core Technologies are focused on information technology, electronics
technology, and materials technology. In information technology our strategy is to create
enabling technologies for a wide range of application including simulation, design and

"FmaMufacturing, health care, precision strike and many other areas. In the High Performance
Computing (l-IPC) program, where the creation of a scalable computing technology base
represents a a paradigm shift fromi sequential processing into a new usr of parallelism, we are
developing high performance computing elements that can be arrayed and scaled to achieve
ever higher levels of performance.

We are also investing crucial support in software technologies that will significantly
improve our capabilities to cost effectively acquire, deploy and maintain operational software
systems. Our research in intelligent systems is aimed at enabling intelligent systems
development for assisting humans in solving complex problems in both military and
commercial domains such as command and control and autonomous vehicle control. And
also, as part of our information technology efforts, we -uc developing advanced network
technologies that will enable the interconnection of HPC systems.

Supportive of our investments in information technology are the numerous investments we
have i~i electronics technology. The goal of cur electronics technology program is to develop
the capabilitics nec•ssary .) produce smaller, lower power, more mobile, and nore affordable
defense and commercial systems. MEMS, electronic packaging, High Definition Displays,
optoelectronics, as well as manufacturing process technology are all part of this program.

We are also investing in materials technology for improved manufacturability and
performance of materials that will have the highest payoff fur military systems. This includes
botn structural tmaterials especially composite, and electronics materials. Our efforts in
composites concentrate on achieving affordability in processing and manufacturing as well as
improving the physical performance in terms of strength to weight durability, thermal
capability, and geometric tolerances. Our investments in electronics materials are focused on
improving inanufacturability, reducing size and weight, increasing speed, reducing systerm
complexity, and lowering cost for ciectronic and optoe~ectronic components and systems.



I ~The Broadband Infrastructure Technology Progranm (Brr) addresses issues
related to the Bitways layer of the three-layer Nil architecture. The lBitways
laycr supports th~e development and demonstration of critical network
technologies which enable common services that in turn support advanced
applications. The Bitways technology consists of three areas: optical fiber,
wireless, and satellite. The three technology areas are linked by a common
protocol to ensure interoperability and seamless transmission of data
information. Thle BIT program emphasizes the technology for highK bandwidth transmission in optical fiber.
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There a'e many reasons for moving up to higher bandwidth. The obvious ones
are that high bandwidth can support more efficiently simultaneous transmission
of high resolution images (a critical DoD requirement), teleconferencing, and
movie-on-demand. The not-so-obvious reason is that broadband services can
be very cost effective. It can be shown that cost does not go up linearly with
bandwidth, but instead, it goes up closer to the square root of bandwidth. For
example, to lease a OC-12 line does not cost four times higher than a OC-3
line, in fact. it costs only about twice as much. Also, as broadband technology
becomes more mature, the overall cost will also come down.
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There are at least three ways to increase the network bandwidth capacity:
Space - lay more fibers, Time-Division-Multiplexing (TDM) - use faster
electronics, or Wavelength-Division-Multiplexing (WDM) - use multiple
channels. Installing additional fibers may not be cost effective or practical.
Moreover, it does not scale efficiently with bandwidth. The use of faster
electronics is the most direct approach, but the electronic switching speed may
not go much beyond 100 GItz. Also transmission above 10 Gb/s in a single
channel may suffer severe dispersion. The discovery of soliton transmission in
optical fiber opens the door for TtIz transmission, but most of the applications
today have been limited to point-to-point links. Research in switched soliton
network is till at its infancy. Finally, the use of multiple channels or
wavelengths shows great promise in expanding the network bandwidth
capacity in the near future. Data is transmitted throughout the network in
multiple wavelengths without regeneration (all-optical or optically transparent
network). Amplification is performed by optical amplifiers where signals in
multiple channels are amplified simultaneously. Critical issues in WDM are
channel crcss-talks, uniformity of amplifier gain, management and architecture
of a WD- network.



DoD needs high bandwidth services, but cannot afford to build its owl]
''A network. To overcome this hurdle, DoD is providing some seed investment inl

the cornmercial sector and encourage commnercial investment in the high
bandwidth market. Both the government and the private sector will benefit --
DoD can leverage on the commenrcial netwoik. and the industries can reduce
their risk in R&D) investment in WDM technology. The main goal of the BIT
program is to demonstrate the viability of WDM in five years and establish a

vertical path of transitioning WDM to markets.



The Global Grid Optical Network uffort is the niaj~r ;o.TiponCent of die BIT
program. It has a 5-year budget of about $ 100 M, an,, an addition $60 M is
cost-:diared by the industries. About 56% is invested in the development of
optical network comlponents and their manufacturing process. The goal is to
d -velop high performanace arid affordable devices. Since WDPM is a departure
i -onii conventional TDM network architecture, about 17% of the prograi
resources are invested in the areas of WDM architecture, management, and
implemuentationi to ensure a smoother transition to the commiunication market.
The iremaining 27 % is invested in realistic field trials and testbeds for long-
liani, short-baul and local area mttwork transmission in order to gain practical

exprie~ccand-towe'lg inoprating such a network.
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The resources of the optical network effort in ARPA can bc divided into four
catogories. The majority of' the resource is in the Global Grid Optical
Networks Program which had a BAA in FY 93 . Four major teamis Lave been
selected for negotiation. The program also includes some other innovative but
smaller efforts. The precursors of' the Global Grid Optical Network Program
are four precompetitive consortia started in FY91 and F'Y 92. 11h. third
categoty includes broadband network technology efforts funded by the TRP
p~rogram . The la.,:t category includes efforts funded iinder thc HPCC programn.
The BIT program encompasses just the first three catagories.



fi-, The teams (consortia) are composed of members from industries, academia,
and national laboratories. Each team is vertically integrated: research,
manufacturing, and users. The first team also has explicitly included members
from DoD. Their role is to make sure DoD's interest is served and in some
cases, the DoD players participate in the field trials. The funding tor each
teamn is heavily cost-shared by the team members.
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The teams (consortia) are composed of' inembers from industries, academia,
and national lab•:ratories. Each team is vertically integrated: research,

manufacturing, and users. The first team also has explicitly included members
from DoD. The:ir role is to make sure DoD's interest is served and in some
cases, the DoD players participate in the field trials. The funding for each
team is heavily cost-shared by the team members.
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The Global Grid Optical Network effort is the major component of the BIT
program. It has a 5-year budget of about $100 M, and an addition $60 M is
cost-shared by the industries. About 56% is invested in the development of
optical network components and their manufacturing process. The goal is to
develop high performance and affordable devices. Since WDM is a departure
from conventional TDM network arch tecture, about 17% of the prograam
resources are invested in the areas of VIDM architecture, management, and
implementation to ensure a smoother transition te the communication market.
The remaining 27 % is invested iii realistic field trials and testbeds for long-
haul, short-haul and local area network transmission in order to gain practical
experience and knowledge in operating such a network.



Listed are some smallr eyinvtv fot htaefci nseii
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The potential impact of thi- I)T Program is listed.
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Opportunities for funding are listed. Besides the BIT program, we have also
included some related technologies: optoelectronics and holographic data
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Thank you for the opportunity to present one of the most im-portant
components of future information technology for ARPA - scalable high
performance computing.
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As many of you already know, there is an incredible depth and breath to
ARPA's initiatives in High Performance Computing and Communications.
ThDey cut across several offices, and you will be hearing many of these later inthe program. Today, however, I'd like to focus this short presentation on

some ofthe important elements at ARPA related to the computing systems,
their evolution, and theit future in system networked environments. After
describing the overall vision and goals, I'll focus on the scalable systems,
microsystems, and networking programs. As Office Director, I' m really
representing several program managers who are responsible for these
programs.
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Over the years, our R&D investrmients have supported long term enabling
technology for computing technologies. The Strategic Computing Progeam,
which began in 1983, was the foundation for ARPA's High Performance
Computing program.

The long tern! vision continues to center around the ability to build scalable
technologies - investments that users can make in hardware and software
systems which can increin-ntadly add capabilities without totally replacing
those investments. This involves a radical approach to the suite of
technologies, including common component technologies, scalable software,
high performance networking, and information technologies. Results of our
programs have spanned the range from invidividual components to
workstations, to clustered systems, to massively parallel processing - all
networked and accessible through appropriate networks.

Of course, as this national-scale information enterprise evolves, we must rely
on a number of emerging technologies from microelectonics and packaging to
access this heterogerou'; and computational world. But the system approach to
computing and communications must evolve is critical Io build a scalable
approach. Finally, the DoD need for these- technologics should be obvious -
from the highest computational anid information intensive requirements to
using scalable modules in embeddable systems (presented later).
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ARPA is a lead Agency in the Fedcral HPCC Program, a Federal R&D
initiative coordinated across 10 agencies. ARPA has a lead role in advanced
development across the major components., which complements the roles of
other agencies. There are a number of programs within ARPA, and some
which you will hear in other briefings. Today, I'd like to focus on the scalable
computing and microsystems programs, and describe how our networking
component enables systems of people and resources to be remotely connected.
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There are 5 overall goals of the ARPA HPCC program. First, our mixed
investment strategy is aimed at creating a scalable computing technology base.

AA This provides a key intellectual and technical focus to move the field forward.
Second, we are accelerating the integration of computing and communications
to see what tie future will be like. These rapidly converging fields are
providing the foundation for the future information technology. Third, we
want to insure longevity of user-developed sofware. The next talk on scalable
software wll talk about some of the key technologies that can help make this
happen. Fourth, we are applying high perfornance systems for military
applications You will hear many presentations throughout the symposium
that are relying on the enabling technologies of this program. In addition, we
are creating scalable components to ermbeddable systems. Finally, we would
like to stimulate a self-sustaining industrial base, which involves getting the
ichnology into the hands of real users and vendors which will evotve these
imporlant technologies.

As the R&D of high performance computing continues to mature, gettingapplications running on scalable systems is the key to success.
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Scalable computing stratey has been focused at concurrently developing maior
models of computation. It fociises on the technical challenges in the earliest
stages of development with transition strategies to insure they wind up in real
systems.

Several important trends are occurring. Vector and scalable 1mrallel sy-aems
are converging and being supported in a variety of systums. Shared memory
and message passing programming models will also be supported on the same
platforms. Finally, scalable 1/0 is taking a more prominent view to provide a
balanced system, and is an important component of our research.



A couple of examples illustrate recent results. The CPIAY-T3D embodied
technologies developed in a joint cost-shared arrangement with ARPA and
Cray Research. This system integrated vector and MPP technologies and was
developed in 26 months. Anotherjoint cost-shared effort with Intel led to
incorporating key technologies into its Paragon system, which regained the
world record in performance, at least temporarily. Furthermore, the
component technology of the Paxagon is being used in embedddable systems,
and example of rapidly adapting these systems to military requirements.
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Another class of example is the exceptional work that is funded through
universities, in collaboration with industrial groups. Pixel Flow, at the
University of North Carolina is an ARPAINSF program to develop scalable
graphics for supercomputer applications. It relies on a unique integrated
architecture to render real time object parallelism. Medical, military, and other
commercial applications are being developed to exploit this powerful
capability. Multiple vendors interested in commercializing the technology for
advanced simulation and displays are working with these groups.



At the top of the infrastructure, applications must be given the support required
to dealing with sporadic and changing connectivity as well as movement
within and between networks. This portion of the program is developing the
computing support services required in a mobile environment.
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Resulting from these efforts will be new technology for designing nodes of a
wireless network that are open in architecture,with adaptive and open
interfaces. This will allow the kind of flexibiliy and modulatrity needed for
military and similar civilian needs
this will provide the nodes for developing and demonstrating the needed
techniques for a wireless network that responds to the requirements for rapid
deployment and effective specrum utilization as well as high perforrmance
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The end to end networking will provide support foi mobility between regions
and allow whatever communications is able to be exploited. It will provide for
an enriched interface between applications and the unerlying network

Finally, these underlying networking services will be exploited through an
enhanced set of computing services that allow applications to utlize the
available bandwidth and ability to move within and between networks
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As I indicated above, activity in Mobile Information Systems cuts across many
ARPA offices and programs. In each of these programns, the technology base is
being pushed forward to provide a capability for the future. It is valuable to
coordinate this across ARPA to assure maximum leverage. The technique
planned is to use application demonstrators, mainly driven by offices such as
MSTO and ASTO, as a focal point for integration and demonstraticn of the
underlying technologies.

Some of anticipated upcoming items that might be of interest are upcoming
BAAs as shown. ASTO is planning to release a BAA aimed at developing a
mobile, wireless, seamless indoor/outdoor distributed interactive simulation
network as an extension of an ATM/S ONET backbone.

CSTO is planning a BAA addressing the four -layer architecture described
previously and aimed at developing the underlying nodal, network, and
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the future.
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The ARPA Broadband Infrastructure Technology Program "BIT) is jointly
managed by the Defense Sciences Office and the Microelectronics
Technology Office.
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This char. shows the performance challenge we face in the system software
area when applications alone are optimized for faster execution. The total
execution time shown in the top bar is domirnated by the application, but has a
typical component of system software execution time. This time may be due
to input-output, operating system boun&tries, or synchronization widi other
processes. The second line shows the application speeded on a scalable
multiprocessor but the system software time remains the same as before.
However, it is now a much larger percentage of the total execution time. In
addition, libraries used to help the application run on the multiprocessor now
consume a non-trivial percentage of the total time. The overall speedup is
therefore limited by the time needed to do such things as: context switch time
between layers. 1/ system and file system speed, and cornnunications
latency.
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It is the purpose of the scalable software program to stimulate the technologies
w~hich will provide software with the ability to adapt to its environment and
take advantage of parallelism and distribution.

ARPA's strategy in this area has six points:

- develop the architecture-independent technologies I've just discussed

- provide a cormnon environment from the developer's laboratory
to the field where the solution is deployed

- provide for DoD requirements in mainstream technologies

- standardize languages and extensions that address adaptability,
portability, and parallelism

- Provide mechanisms that permit better understanding of and debugging
of parallel codes

- Develop libraries that will leverage HPC codes across the different
environments
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We can see the expected impact of the program by looking at the example
application of multimedia conferencing. The end result will be a significantly
enhanced capability in the field, which can have impact on our warfighting

Thank you very much for your time.
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The NII is often articulated in terms of a three layer architecture of applications
(end user programs), services (building blocks from which applications are
built), and bitways (communications mechanisms and technologies). Digital
Libraries (DLs) and electronic commerce (EC) fit at the interface between
services and applications; they are enabling capabilities from which more
complex applications can be constructed if they have needs to access
repositories of information or to engage in commercial transactions.
Services in turn can be decomposed into those that support applications, those
that manage distributed computations, and those that interface to the
communications bitways. This talk focuses on the former.
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The Department of Defense has been an early and enthusiastic adopter of
electronic commuerce technology, as one of the world's largest enterprises.
ARPA has funded several electronic conmmerce prototypes over the last
decade, including MOSIS, FAST, and MADE, and several of these are in
experimental use within DoD today. The President and the Secretary of
Defense has placed great challenges on the Department to accelerate and
expand the use of such services.

Digital libraries hold forth the promise for storing and indexing vast quantities
of information. DoD is especially interested in non-traditional information
access, such as to maps and photos, and to "active" documents that can be
incorporated into simulation-based training. ARPA's research program will
develop advanced digital library technology that will be responsive to the
information managetment needs of the Tho).

The DoD must ride the "NIl wave," and must see 'o influence the commercial
developments to insure responsiveness to the Department's mission needs.



Discovery/searching includes: information ciearinghouses, catalogs, directors;
critical for finding service providers; finding specialized repositories and
information withir. them; distributed hierarchical directories and indexing
strategies

Data interchange and format conversion: conversion services for
interoperation; critical. for electronic data interchange (EDI) and electronic
forms processing; conversion between different documents and data formats

Authenticatioii/security: authentication, authorization, confidentiality, privacy,
integrity, protection against misuse, fraud detection

Electronic payments: digital money, payment orders, escrow, letters of credit,
bartering systems, financial instruments, value exchange, interfaces to payment
systems, micropayments

Linkage: pointers that link information, solving problems of long-term

'Ar. validity, granularity, aad versiops
Repository: long-lived, archival storage services

Registration and Publishing: creation, dissemination, and control of pointers
across the network
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The NII will be successful only if the second "national challenge" application
to be implemented is LESS expensive than the first. The goal of information
infrastructure services is to develop a rich service architecture that can support
multiple applications.

In particular, the ARPA program will focus on creating rniddleware
information services in support of information-intensive DoD applications.

A special focus will. be oia the dual-use applications of electronic commerce
and digital libraries, each of which is itself a critical building block of services
for higher leve! applications like health care and crisis management.
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The military has a need for a robust, survivable,. easy to deploy system that
will suppor' mobile operation in presence of sporadic communications and
vaiiable bandwidth.

Current commercial and military systemiLs are primarily based on providing
voice communications in mobile environments. Data is typically overlaid on
systems designed for voice.

Networks such as cellular are base-station oriented, not suitable for rapid
deployment scenarios (although ma,-onable for commercial settings.

End to end service is typically voice oriented, so tven though the wireline nets
can support higher levels of service, it is difficult to tie them together with
wireless networks.
Finally, there is a need to be able to have applications negotiate for bandwidth

and other resources (e.g. delay) and be informed as to the extent to which
r can be i
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SIServices are building blocks for distributed capabilities for finding things,
linking to them, accessing them, and distributing them. Security building
blocks (including authentication, authorization, encryption, privacy, etc.) are a
critical service layer capability.

Digital libraries and electronic commerce technology build upon each other, as
will be illustrated., on the next few slides.
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The basic infrastructute technology to support mobile operation can be thought
of as four levels. At the lowest level, we have the basic low-power, highly
capable hardware and firmware to permit ,peration in motion.

At the next level, the untothered nodes are tied together with networking
technology to provide a robust communication network.

Since the need is for end-to-end communications across both wireless and
fixed networks, an end-to-end networking architecture is required.

Finally, to fully exploit the mobile communications capability, an effective
mobile computing envirot, nent is needed that can deal with changing and
sporadic connectivity.

I'll now talke a mninute to talk about each of these areas.



As I indicated, the commercial world is primarily driven by such applications
as cellular telephone, and so the likely capabilities will be roughly bandwidths
of 64 kbps at several km or, at the other end, multi-mbps in local
environments, for example within a room. Furthermore, the networking
capability of these nodes is likely to be oriented towards simple single hop
architectures.

The goal of this portion of our program is to greatly inciease the available
capability for military applications. We are aiming at achieving 1 + Mbps at
roughly 10 km in a handheld unit. Furthermore, it will have sufficient signal
and computer pracessing capability to support robust and survivable
networking.

This all needs to be done in the context of available commercial units. Hence,
the planned approach is to work with industry towards the goal of a product
line of radios so that 90% of the requirement is satisfied by the commercially

avaiabl unit- and it is enh"n..... for the remaining !0%.

There are several other important issues to be dealt with at the node level. As
frequency allocations are shifted from the military to the commercial sector, it
will be important to retain military deployment capability. The military in the
future will have to operate in a variety of terrains including urban. Modeling of
propagation in such environments is difficult.



The requirement for communications is on an end-to-end basis, incorporating
mobile radio, satellite, terrestrial wired networks, and whatever else is
available. The mnilitay needs to extend its commiunications infrastructure to a
variety of environments with little notice to support rapid deployment. Thus,
while the comymercial world is developing a ubiquitous infrastructure, the
military needs a ubiquitous capability for rapid extension of the infrastructure.
This part of the program is developing the end-to-end networking technology
that will support mobility between networks as well as permitting applications

to negotiate with the networks to obtain the required level of service.
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As computation becomes more and m~ore distributed, networking becomes the
important glue to put it all together. ARPA has of course benen laying the
foundation for high perfornmance networking for a number of years. The
Gigabit Testbeds, sponsored in partnership with NSF, provided nunmcrous
experimental results in high speed networking. ARPA continues to investigate
this area and is working towards moving the results of its programs intir the
commercial infrastructure. For examnple, ARPA and the Defense Information
Systems Agency are managing a multi-agency, multi-agency ATMISONET,
2.5 gigabit per1 second system. These research efforts are addressing
interopeinability, application support, and network inanagcirnenit.



Microsystems provides the novel and unique capabilities to build and apply
scalable uiiiis to coinputhig, and build upon thle industry's technology base.
Extending performance-driven design to include reliability, low power, and
other critical needs are important to the future design systems. Real
conmponents,with novel mnicroarchtectures, become the drivers to prototyping
systems. The ability to build a computational prototyping process using the
high performance computing is a major goal of thle future part of this program.
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As networks become more powerful and distributed systems more extensive,
scalabity in computing must address the limitations and interactions of the
communications infrastructure. We are currently formulating a new program to
consider issues such as the impact of network latency on distributed coznputiag
and the design of the computer to incorporate commnunications as an integral
element. This program is being aimed at identifying mnd solving the problems
associated with the convergence of processing and communications intu future
high performance distributed computing systems.

~, FH-'

* --. I; - - - . - -i• . . - - : • " ' • M



~M j

Here are some places you can gain more information about the Computer
Systems Technology Office's p~rogr~ams. Examnpkes of recent solicitations are
the two BAA~s listed. We expect to iSsue additional BAA's, for example, in
the area of Networked hitegrated Computing.
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The funding for the areas that I have discussed are shown in this slide. There is

approximately $36 million of uncommitted funds for FY96.
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While we have been very successful in creating large parallel machines,
networks of workstations, and even personal information appliances, we have
not been as successful in creating software that is adaptable or scalable to these
distinct environments.

Is there a commonality in these enviromnents that could be exploited if we
knew how to do so? Let's examine the challenges facing each of these types of
computing.
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Networks of worik.stations or loosely-couple'J coaqputing envirounments suggest
k.: issues of-

disiribuked resource nianage-Inent

-common runtimne environmenis

-common message passing interfaces

-application partitioniimg and shipping

-appropriate sha~red memory abstractions

*1 - access across administrative boundaries

-latency reduction, toleration, and management
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Now, let's look at highly parallel architectures and their challenges:

- resource management and scheduling

- common runtime environments

- application parallelism

- shared memory abstractions

- scalable computational libraries

- realtime and fault-tolerance for embedded systems
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]orniation appliances, when we scale down, are part of the new move toward
ubiquitous computing. The salient issues here are:

- adaptation to available resources

- distribution of runtime environment

- portable message passing environment

- application partitioning and size

- downloading specialized personalities

- integration with infrastructure resources

Note that many of these issues developed independently of one another actually
have a common framework based upon

- resource management and adaptation

- runtime environm. rits and distribution

- message passing interfaces and portability
- application partitioning, parallelism, and shipping

- latency reduction, fault-toleiance, and distributed management



The Department of Defense requirements in scalable computing fall in these
2:1. major areas:

-real-time

-fault-tolerance

'A- trusted systems (secure systems)

Sspecialized oD extensions

Only the last area is of interest only to the Dol), but comm-ercial design and
development in the first three areas is insufficient for DoD requirements. WC
want to reduce the amount of unique DoD code being generated, and believe
that ARPA and other DoD organizations need to stimulate appropriate
extensions to commercial operating systems to fulfill these requirements. In
some cases, code for these requirements will be integrated with commercial

operaing ystes at ur istigtin n other cases, we will ask for hooks wt
which extensions to handle these areas may be attached,

4;l•
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Our work in sofwieae;sesdvlpetevrnet tess

- performance monitoring and analysis-i The languages and compilers are intended to extend existing languages as well
as developing new languages that better express parallelismi. Compilers for
these languages must be able to generate different types of codes to help adapt
the code to the domain or enviconmnent in which it is running.
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Recent ARPA accomplishments in MPC Software include:

- IIC versions of C++, Ada, and FORTRAN

- A standard message passing library (M1'I)

- IIPC libraries for computation, vision, speech, and partial diiffreiitial
equations)

- Thie landmiark develolpment of a scalable inijerokernel OS

-Integration of' Trusted Maclh into the Open Software Foundation
research base

-Reference models for higher level systemn services

-Vertically optimized but layered software
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In the future, we expect to create a multi-lingual ItPC environment which uses
next generation parallel languages. Applications software and system software
will both adapt at execution time to run well on the hardware platform
available and will exploit highly parallel sets of processors as well as networks
of lower-performance devices. System services will be recast to optimize and
schedule entire networks of resources.



I will be- discussing some of the ARPA efforts ill mlobile. inifolimatioli systems
and wireless te-chnology. As you will see, there are several offices involved,

* ~and we tire coordinating our various programrs across fh'n offices; to Sustaini a
coordiuated thrust ill this area.
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Thlis last Slide shows tile approximate titneline anid tuanding levels for this
programu. Tho top line shows tie development of scalable software tools,
extertsioa~,ý ciilianceinents, aud runtimec envirounincts. Th'le bottomn line look.%
at die latiguages and theih runtime environments. We expeot tostee an
integi-ation off trsc two Imes it: the ITY98-99 time period.
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ARPA has pioneered the now widely-used microkernal approach. One of its
Ibnitations, however, is the overhead involved iii passing bd-ween domain and
prutection layers as shown in tho diagram at left 1-4.9). We arc ieducing the
deffc of that overhead by finding various veitical uptiniizations that preserve-
layering, such as executing cominion cases in libr~aries in the user's address

_V. space. With this technique, the number of expensive boundary crossings is
dramatically reduced while the layering remains intact.
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There are underlying differences in the commercial environment compared to
military and civilian emergencies that result in some of the differences.
Because the commercial world is much more benign iand there is time to
establish a supporting infrastructure, the resulting architecture will not
naturally support the rapid deployment and survivability requirements of the
military. For example, a commercial system can establish a network of fixed
base stations tied into the wire-based network, while the kinds of force
projection expected iii a military environment requires the use of multi-hop
networks. Furthermore, due to survivability requirements, nodes must be used
opportunistically as repeaters. Finally, military requirements for informnation
and computing while in the field demand higher levels of performance than
those expected in a conmmercial world.
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L SO i deeloingsome of the underlying low puweir wireless technology

metodoogis tat illallow the development of modular, low-power
untethered nodes. ASTO and MTO are investigating systeams techniques forIiuil inai aaal atdiRs.

CSTO is developing both wireless and end-to-end networking technologies
tha wll xpoitthseadvances to provide a commnunications infrastructure
tha sppotsa hghdegree of mobility, robustness, and rapid deploymrent.
CSTOis aso dveloinga computing infrastructure that will permit access to

inforatio andcomptingresorcesin ocatioll-trainsparomt nne.ST
is dvelpin inellgen inormionsystemns that can exploit these

F~ QW14&U~ -A TO are expioring pOO .f; aIy
I applications G-f these capabilities. Because these capabilities are also of interest
I. in civilian environments, there is good potential here for spin-out of the
I technology.
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This is not to suy, though, that tii3 military should not take advantage of the
treendus dvacesin under'ying technology becoming available in the

commercial sector.

digital signal processing and other comiponednts, aie starting to appear in
commercial world, and ARPA initiativeG are producing relevant next-
generation technologies

satellites front geosyno through leo (like iridiumt) need to be integrated into
overall conmimnication network-

PDAs and similar technoiogies can support end user computing and access

there is a global informnation infrastructure that must be built on and extended
into the wireless mobile environment
The goal is thn' ARPA results be integrated into commuercial products, which
than can be integrated, into next generation systems
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This slide indicates sotnie. of the prograras involved in the coordinated thrust.
Some of these were. already being coordinated undler a prior thrust in Wireless
and Mobile Information Systems (WAMIS). t won't go through the details
here, but those who are interested should contact the appiopriate office.



Building upon the untethered node techiiology, wireless networking
tec~ioogyis ein deeloed hat will support mobile operation. The

tietworking technology must be easy to deploy and require little network
management through self-organizion, A starting point for this work is the
packet radio networking technology explored by ARPA in the early 1980's.
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An elaboration of the three layer architecture, illustrating the kinds of access
interfaces, commerce oriented applications, high leverage services, and
comdmunication/bitway technologies that support electronic commerce.
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Fe f'oi access aire a key to entice business to provide high quality informaution
on the NIL. Interfaces to) a variety of payment ýiysterns will be nieeded, as will
new "clearinghlouse" functions diat aggregate access charges betweell users
and information providers.
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The nieed for applications testbeds to drive the development of tile Sol-vice
a 1  ~arch~litecture.

TIhe key thitig is getting a high leverage service archiitecture that call Support a

fies O fapictosoltl II oennu' ol st okwt
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K First ARPA testbed: CommnerceNct TR" Plroject

A deployment opportunity for the mnanufacturin~g infrastructure teechnology
developed under the ARPA MADE Program.

A high visibility testbcd for econnimerce services over open networks.
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Savcond ARPA Tesibed; C xiptAer Science Technical 'Report Digital Library

Distributed search, indexiing, retrieval

I otmat inte-rolyei'ability across multi-sit library

New technology for recording copyright information being prototyped with the

Library of Cungri'e (L of C).
T1his pro~ject lhas spawrncd a major interagoIlcy program in digital libraries
including ARI'A, NSF, and NASA.

. .

(7b

[2[
Hm



Multitrack effort in digital libraries and electronic commerce technologies. The
time line shows the kinds of prototype: technologies- and when they will be
developed. Note- how over time the infrastructure capabilities grow to support
ecoinmerce and digital libraty applications first, and thien genieral "I atio ial
challenge" applicatios lt

Flunding levels are for approved program by year, and are consistent with the
recently submitted descriptive sumimaries.
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e4 '11his briefing 6escribes ARPA's ptogrami to investigate the Intelligent
Integration qf 114 farrnation (13), or 1-cubed, as it is called. The 13 program is co-maiiaged by David Gunning and Robert Neches of the Software and Intelligent
Systems Technology Office.



This briefing begins with a description oi' the inifomation integration problem
•.•. and a sumrary the technical issues ewtailed by that problem. It goes on to

describe the hasiz D3 vision for handling infonnation integration and lists a tfw
examples of thtf current and future 13 research efforts. Next, the briefing
describes a few ckscly related ARPA efforts, the NIIIP TRP and the
Intelligent lnfonnatioh Services programs, followed by a summary of the
current budget for those programs.

t-4
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4 Th'i F-22 example is indic ativc. of a more general information integration

problem. We could easily find similar examples in the cominand and control,
inte-1igence analysis, cel"ctroric commerce, health care, etc.

F Over the last ten years, American industry has spent $108B developing
informnation systems to automate mnany of their current processes. Now that
the basic digital data is in place, the next level of productivity improvement
depends on our ability to integrate arid use thalt mass of raw dzta. It depends
on being able to integrate heterogeneous data systems, finding a way to
leverage the $ 108 of existing legacy data systerts, and establishing an open,
flexible infrastructure which will. enable. future growth.

Important data integration capabilitie3 are emerging in a variety of forms (e.g.,
Internet, MOSAIC, CORBA, database middleware products). As important as
these developments are to laying the foundation for higher li vel integration,
they are not addressing the issues required to integrate information at the

Vm

semantic level.
Theses issues are above the level of networking, data access, or
interroperability. They deal with the semantic level of the information --

combining and abstracting the contents of disparate data objects after they have
bn r

bee rtrive fom iferet at sy~e~sK'm



When the problem analysis team searches fbý that data,, this is what they will
A ~find - a morass of disparate, 'heterogeneous, legacy data. systems containing

massive volumnes of unprocessed details. This diagram shows 58 data systems,
representing the most significant manufacturing systenm at on- F-22
manufacturing faicility in Marietta, GA. There are additional data systems for
mwiagement, engineering, and logistics data; and yet another complete. set of
iifontn sytms in Ft.l Worth, Seattle, West Palm Beach, and other F-22
development cites. With the NII, all these systems colehaplnewrd
together, waiting for the problem aralysis team to find an information "needle"~
in the haystack of data.

The team will probably solve this pnublem the samne way most large scale
information integration problems are solved today - with lots of people. The

'l team will partition the questions about hypothetical causes into major
7 disciplines: engineering, manufacturing, logistics, software, maintenance, etc.

A team member r'rom each discipline will consider the data needed to answer
[,) the questions and pass on more detailed data requests to technicalldatabase
V ~experts who understand each data system. A man-power intensive informnation~

gathering and analysis process will occur. A hierarchy of people will spend
weeks or months gathering, comparing, collating information from
overlapping, non-integrated, data source& to finally put together the
information package needed by the problem analysis team. That is -- if they
don't miss anything -- and fail to find a valuable piece of information, just
because it is too well hidden in the data haystack.



fh, aediattion approach offets several significant payotffs ovei current
approaches. First, it will provide improved informationi access (quicker and
nl~ie accurate retiieval of the relevant information) from a broader range of
data. This will enable a new level of automation of previously manual data
collection and analysis processes.

Second, by allowing integration to occur using wrapped legacy systems anid by
enabling information hitegication services to bc modularized into reusable,
composabie componen~ts, mediation enables exisUng system to evolve into
large -scale intelligent systeins.
Trhird, the mediation approaczh will provide improved information at lower
development and maintenance cost. Initial development can leverage existing
legacy systems, maximizing the reuse olf pre'rious investments. The
modularity of the mediation architecture allows more efficient response to data
and apn cation changes, and allows f.N or gradual evolution through the arldition
of new components. More importantly, mediation enables growth into a new
class of large-scaele, intelligent informnation systems not possible previously.



An elaboration of the three layer architecture io; digital libraries. Many of the
capabilities are the same for DLs and ECs, which is to be hoped for!
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Le-t's begin with an examnple of a typical information iritegratioii problem. In afew years, the Ai- Force will be begin flying a new fleet of F-22 aircraft. Asthe new airc-raft begin flying in thc operational covironment, failures will occur
unanticipated by the original designors. Pi-oblern analysis teamns will need to
access the original design, manufacturing, mid logistics data to unravel anid
correct the unandicip~ated, and costly, design problems.

The success of the problem analysis teami - how effectively the(,y can pinpoint
the precise design flaw - will depend on how easity they can locate, access,
filter, integraie, x: I aaalyzc the mass of potentialy relevant data, This data
might include1) requirements documents, dcsign specs, design rational, "AID

drawings, parts lists, computer inodr-1s, design analyses, test resu.lts, softwatre
documentation & development veccords, manufacturing spccs, manufixctui~ing
"pedigrees", quality assurance records, reliability & maintainiability analyses,
maintetiance procedures, operator & maintaintv training records. Success will
depend on uot jusl firc!:ng, but oikA abstracting usefui informnation out of this
mass of data.

Ii
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Now let's look at the effect of inediadon on our earlier example. Mediators
enable fewer p~eople to get more out of niure incre information. A few of tihe
domnain experts who were fornmerly needed to extract and process data can now
embed that knowledge in a domain-specific mediator wh~ich can perfuti i that
work over and over again, for imay people, at no additional cost. This work

Mediation provides a practical alternatv to Yte mtdsoinertion On
alte-rnative is to connect, point-to-point every application to every data source.
This requires n x n? connections and quickl1y becomes a maaintenmance
nightmare. The other extreme is to fully intcgi-ate the infornmation systenns
through a global data schemia which relates all data elements, In every data
source, to a common data diclionary. This method is extremely costly and
time consuming to develop, and very rigid when changes are required in the
individual data sources. Mediation provides a practical compromise to these
two approaches.
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lIn the future, t; e 13 program will expand the current work along three major
Arl- dimensions. First, it will expanid the information coverage to enable thle

integration of unstructured data (text, gmaphics, etc.) as well as struct~ured data
solurces. Second, it will focus on the production of mediation development
tools. Third, it will zxpammd the current demnonstrationis, especially ones
supporting weapon system development onl the V-22, logistics plasmning for
theater-level logistics.



1iiig~*-tri .~cl Imijectn wit! involve expevihlent~aI development and
apl)icaLtioni of :xalabl e curifty solutions~, a flexible secutity hifra.'itructure, n I

soeure intifcruvrability Lunong servie types (c~onputing, cable, telephone).
'Hai-dware su pporý ifw sccui~hy services wid deveclopmuent of Software that can
W trusted are, also key problenv..
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-~ARPA has plaus to also be-gin a new program, called Intelligent linforinatioll
Services (11S), managed by Robert Neches.
The goal of this program is to maximizie thle ability of users to locate and
utilize nwsources of all types (e.g., information, software, people, goods,
services, etc.) over thle NIl and similar networks. Ani HS systein will aid tile
user in formulating a resource searching query, execute a search for miatchinly
resources using taxonomy-based and statistical-based representations, and
integrate the results for presentation to the user.

Research in thismc aise needed because ofinumerous unresolved technlical
issues: thle lack ot a universal technique to represent resource capabilities, the
interdependent nature of resource; requests, and the lack of conventions for
describing and validation resource informnation.



The IIS program will produce several outcomeCs for resource seekers and
resource providers. For resource secekrs, 11S will provide a single iinte-rface for
locating aid resource tyj-cvs. For resouice providers it will develop simple

Al mechanismns for describing and registering resources.

INC



I ~The 13 progrnun Nos produced several testbed demionstrations, and in sorne
cases operational systems, which demonstrate the fe~asibility and utility of
mediation technology. Thc Air Campaign Planning Tool, currently in
operation by the Air Force, employs at flIC~iiatoi to access target data fronm
multiple intelligence databases. ARPA and the F3-22 piograin are using a
m~ediation prototype to become the kernel of the F3-22 Integrated Weapon
System D~ata Base, Lockheced is using a mediator to act as an informatium
broker for locating and accessing satellite imagery from multiple data sources.
Lockbeed has also demonstrated the usc of mediation technology to notify

1 engiucers of design clnwiges. The TO1MS TRP is using mediation to integrate
U ~data for battlefield trauma care. 1S1 has demonstrated thne usc of a very

sophisticated inediation system to integrate data from several transportation
planning data sources. The TSIMMIS project at Sta~nford has built a
demonstrated which will retrieve data from multiple bibliographical data
sources.



Mediators combine, abstract, ind process data for a specific application
domain. By using domain knowledge, mudiators can resolve semantic
mismatches among heterogeneous data sources, abstract data to the appropriate
level of detail, and transform data as necessary ko crate useful infornation.

This diagram shows the flow of information through a typical mediator. There
are different varieties of mediation, with several alternative approaches
currently being explored by the research community, but tifs illustrates the
most com-non mediation approach.

An initial data request is sent to the mediator from a user -- a person or an
application program. The request, which is usually expressed in high-level
domain terminology, is evaluated by the mediator. The mediator will analyze
the content being requested, locate and select the data sources and generate the
appropriate sequence of queries for each data source. This entails translating
the request from high-level domain terminology into the uimique data
.,ternnoliogy and access language ryqut L&..th......l.
these queries are returned, the mediator will combine the individual result,; into
an integrated response, resolving inconsistencies and translating the uniqume
data terminology back into commnon domain terminology. As required by eacth

"e . •request, the mediator will also abstract filter, and summarize the data retrieved
to create useful infoimation to suit the purposes of the requesting agent.
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V~~~ ~~w Te3prgm adveloped a conceptual approach for dealing with these

isses.Thrc rm three niojor comnponents to this appro -1k: (1) doman-
specific mediators which integrate the semantic content of disparate data
sources, (2) interchange protocols which provide a comaioz' method for
components to co~mmunicate semantic inxformation, and (3) database wra~ppers
which provide a standard interface for legacy and other heterogeneous
components.
At the heart of this vision are domain-specific mediators which accomplish
senuiatic integration for a particular domain. By focusing on one topic area,
these software modules partition the woik so that a donainiz expert can develop
and maintain a modQd of the information in one donmain and map Lihat model to
the unique. termis, stiuctures, semantics in different data sources. These
modules then b-come the basic unit of code for maintenance and evolution,
enabling lower ma~iteniance. costs over time.



There are three components to the. arcliitecture. The first is a human-computer'
interface. A task/coatext manager inieracts with the applications, Finally, an
information broker assists the user in identifying the appropriate informatim~
for the application in order to support die user with minimum effort,

.w



Programi c1eients arc focused oni goals mnd include associpte systems
awchilF -,.ures, leggo block-fike ,omiponents used within the associate systems,
a reference arcluiteuture amv techniologie~s to support distributed collaboration..
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The goals of the Health Information Infrastructure Program are to help deskgui
a scalable, evolvable archtitecture for health information and to produce a set
of tools that make it easiei, faster to build health information systems. Thu
user-ceiiter design paradigm resufts in an "information dial tone" for users
This system "leggo block" approach also resatls in a new method to acquire
information systems.

.. I
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Thet current state of affairs is illustrated in the figure s top line. Most pati ent recL,-ds are hanod-
written and stored wimiin the p~ofessioval s office. l ne record muay not L.e. available for icvievi
by ;;-- er professicona); or, if the record is present, it may lack essential information.K ~Prc ..s.,oiails do aut have ready access to medical knowledge or outeconois infornjation during
Patieut encouxiters. ITheir cognitive activities - diagnosing tnd treating - are based ort
individual practice experiences, informial conwunircations Lmiong their peers or inedical

Z kniwulge &leaned fromn sources outside- the practice environment. Documentation of a
I patient visit is usually hand-written and not often shared aniong other care rcofensioaials.

Rtoquests for diagnostic tests, patient medications and treatmnivts am also hand-wfitten and
L -equire additonal processing at the laboratory or piaymacy. Since the requests and their

results are not shared, duplicate tests and treatmneuts ant frequently admninistered.

Contrast the current state of health information with the vision depicted in the lower portion of
the Figutue. Thle Health Information Infrastructure automnatically provides relevant patient
inforrn:Jvon directly to tie professional. Medical knowledge, natiunal outcomes data and
provide~r-spevcific results are brought to the professional during their encounter with the Patitnt.
Computerized patient recrrds are captured as a by-product of the delivery of care. Actions,
such as prescipfions, laboratozy requests, are generated automatically and forwardod
electronically to the servicing entity in the cotamunity. Health outcomes data- are collected

L ~within the proi.sisional's office, forwardnd. to data centers and aggregated for comnmunity and
nation.rd-level results. A,. a result of insertion of intelligent informatiun systems tichnolopiv-,
the profession~al has more timr, to ii.tteract with the vatiept and to think about diagnoses and

treatments - inciasing die. cognitive window'.
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Health care consumes over 14% of 'ihe GDP and is accelerating. While most infonmation
iitensu industries spend up to 10% of their opperating budgets on IT, health care spends less
than 3%. B3ut the 'cottage industry' approach to building information systems for health cart
results in stove-piping of department systems and numerous islands of automation. The
resultant lack of interoperability of health data further increases the administrative overhead.
DoD 4as similar problems and must dramatically increase the efficiency of health care deliveiy
as it undergoes major downsizing.
DclD is also moving to TRICARE - regionalized managed care that will impose furtherVdemands for information to manage clinical practices, hospitals and regions.
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A This is the current budget for 13 and its related projects.
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A related, effort in this area is thie newly awarded N1111 TRP. This consortium,
led by IBM and made up of several computer de-velopers -mnd industrial users.
will be-ing developing and demnonstrat~ing information infrastructure protocols
over the nexi. 2 years. These CORBA-based protocols will bye designed and
implemented to -.mable engineering and mmaufacturirig teams to quickly
establish and utilize virtual enterprises.

T he members of the N 111P Comsorti unt are: IBIM, D)EC, Texas Instruments,
Taligent, Enterpfise Integration Tlechnrology, Univeral Energy Systems,

* ~Univwrsity of Florida, STEP Tools, Reriselar Polytechnic Institute, NIST,
Lockheed Aemonutical Systems Conij.any, Magnovox, GD Elecctric B~oat,
Wright Labs, and ARPA.



The agenda for action focuses on the following four areas: end-system
protection, applications security, security services and tools, and infrastructure
protection. End-system protection inclt;ds applying authentication
technologies to users and systerns, developing next-generation firewalls for
portal protection for secure enclaves, and developing policy-based confinement
technologies for new operating systems development.

Applications security includes remote database access with authentication and
dynami'c system configuration to support user security policies, as well as,
support for secure interoperation of secure applications.

Security servies and tools includes reference standards for secure service
distribution, tools for an "underwriters lab"-like security evaluation service,
and tools to support incident response. Innovative secuirty module aproaches
include keyed interfaces, cryptographic application progranuning nterfaces,
generic key escrow approaches with software options, and modular scalable
encryptors.

Infrastructure protection includes accelerating the redesign of existing
protocols and network services, applying authentication technolgoies to
network protocols, and reducing vulnerability to denial of service. T!.is area
will also expand the emergency response team system and use intrusion
detection technology geared to the increasing scale of the NIL
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The strategy for the information security program will combine immediate
leverage through near-term results with a long-term focus on enabling
technologies for the National Challenge problems such as high performance
networking, mobile and wireless operation, collaborative systems, electronic
conunerce and digital libraries, and sensitive applications (e.g., medical). In
the near term the program will produce toolkits for security administration,
security integration, and emergency response.

VI



BAA was released in Feb 94 with awards in August. No additional BAAs are
programed as the current awards consume current funding. The proposed
scaling experiments in FY97 will require additional funding and may result in
a second program BAA.

92
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The leggo blo'ýk approach leverages components from other ARPA programs
and offices. Each symbol show how elements frlom other ARPA progranms will
contribute to the three functional comnpoents discussed in the last slide.
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Here is the furiding profile for 1994 through 1998 as currently configured.
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Here are the principal contractors.
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Wrap-up:, As the Nationvl Information Infrastructure in atures and extends
beyond national boundaries, health inforniation tmust extend transparenitly to
users aL.foSS the globc. We expect that. this program will contribute- to this goal.
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There are mniwy participants in t1111 programi. Somne are customers, others atre
participant-s. Ail are key to the programn.
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Information infrastructurce security:

This talk will covcr the
Challenge

Opportunity

for infornat~on infrastructure sectuity.

We will also outline an

Agenda for action

r
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This increatsed dependence oil the NIl will mean increased exposure to attack,

for example:

Foreign economic intelligence
Industrial espionage

Theft of goods and services (including theft of money)
Vandalism and mischief

These attacks can be carried out anonymously by any of the millions of
connected users.

The increased diversity multiplies the risk, as cable TV and telephone
networks and network components become accessible from computing
networks, and vice versa.

A comprehensive approach to security is needed, from protecting end useis

protecting the network infrastructure, and providing embedded secutity
services.



Geoverniment and pfivate sector coordination is essential to the developrnwnt
and deployment of a secure information infrastructure,
ARPA, NSA, NIST, and the services and agencies have complemaentary Eoles
within the Federal government.
ARPA is working with these other government groups to coordinate our efforts
and to maximize technology transition to g~avernment use.
ARPA must work closely with industry to maximnize tho changes for
technology transfer into commercial products and services.
Pilot projects will be used to explore alterntv rAnster approaches.

LtW
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Security should enable desired uses of the network and connected systems; it
shouldn't get in the way (as is tl.,! case with today's firewalls). What is needed
is technology that would allow the creation of a protection boundary around a
dynamic collection of users, hosts, and processing domains within hosts.
Within this protection boundary, a distributed set of users can operate as if they
were behind a common security perimeter at a single local site. Even within a
single machine, execution domains can be designated as within or without the
security perimeter. In this way, portions of a system can be walled off to allow
guest or unchecked software to safely execute in confined isolation without
posing a threat to the rest of the system.
Secure enclaves will increase interoperation across networks, service
providers, and organiz,-tional boundaries. Such interoperation is not posrsible
today with any degree of security.

: Ilia



Security is the fundamental barrier to realizing the information infrastructure
future as people, their organizations, and their systems get increasingly
interconnected and dependent on information technology.

The challenges of the future will be many.

Diversity: Many new applications are coming online, and many many more
types are envisioned.

New dimensions: The addition of cable TV, telephone, smart paging
networks, and the like will open the way for mriany new types of uses.

Scale: From hundreds of milions of national users in the US to bilions of
users throughout the global system. Explosive growth in the number of
organizations using the network.

Businesses will come to depend heavily on the network for everyday
business transactions, just as they now do on the telephone netwoik. The
network will have to be scure and reliable, and highly available.

.4..... ........ .il
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Theme:

Affordability has emerged as one of our most significant challenges. The
peace dividend and Cold War victory have made common the need for mcre
technologically advanced weapons at less cost. Reduced force structures and
inventories with an increased potential for rapid responses any where in the
world add to the problems of affordability. Affordability can be achieved if
addressed early in the requirements and development phases when production
and operational cost drivers are integrated into the design and development
process. advanced computational, information, and manufacturing sciences can
make a significant contribution toward achieving an affordable defense.

X
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DoD's calaUenge to assure the Nation's defense at an affordable cost is formidable. The
data graphically depicts the seriousness of the defense budget dicline and the urgency of
wise investments.

Recent dominant US military successes coupled wiih the Cold War Victory make it
difficult for DoD to justify the need to maintain current investment levels.

The total effect of the declining budget is much more subtk.. The reduction in force
structures and fewer facilities in which to train and rehearse leud to smaller inventory btiys,
Smaller quantitieu in traditional economic terms bring incea.sed unit costs. This can wiakc
production or development economically unattral-ti';e to industry.

Unfortunately, the threat has not gone away,; it has simply changed, The proliferation of
weapons and technologies thronghout thie third world is creating many regional threats
that, although individually small, are %ery sophisticated and require technologically
advanced re"ponses witin very shert and critical timelines. We must now plan for

engagements that will be fought with coalitions and allies. This organizational Ji"iersity
itself brings many new technological demands.

The new world order, declining budget, and changing threat is manifested in uacertainty
within our major development progr:,ms for our next generation systems.

DoD must do more for less and find a new way qf doing business to accomplish that govl.

K.



Dol)'s affordability stratagy iu lead by PDUS (Acquisition & Technology) Hon. R. Noel
Longuemare, and centers around four key elements, Acquisition Reform, Dual-Use, Weapons
System Acquisition, and Technology Investment, All of these together are required to Lddress
affordability.

Acsqiisition Reform, headed by DUSD (Acquisition Reform) Mrs. Colleen Preston is attacking
the legislative and regulatory barriers to more efficient acquisition.

Dual-Uqe policies are represented by Mr. Ken Flamm, PDASD (Dual Use Technology Policy
in Internationak Programs) where DoD is now focused on economic policy initiatives enabling
best practices and engineering approaches to eliminate non-value added components and
activities from frocurement and development. More than just using non-developmental items
(NDI) and connmercial products, dual-use promotes sharing the very facilities and means to
develop and manufacture military and conunercial products.

Technology Investment strategies are represented by DDR&E (Dr. Anita Jones) and DUSD
(Mr. Larry Lynn). ARPA, iepozting through DuD rE, can lead ite dovelopieut aad promote
the transition of key enabling tecitnologies which will help ensure timely implementation of
affordability in the development process. Current programs have been initiated which ad.dess
some of the affordability issues; additionally, major acquisition programs are recognizing the
importance of emerging affordability technologies. For long term affordability success
technology investments, acquisition reform, and dual-use policies must all be implemented into
the a.quisition and support of weapon systems. Here the DoD must put into practice
demonstrated affordability technologies, policies, and practices.

.. .....



ARPA has always been the right place to undertake high risk programs and to experiment with new
ideas that have potential for high payoffs.

ARPA is responding to DuD's needs by aligning investments across critical affordability enabling
technologies. Key to this response are investments in developing mid demonstrating an integrated
product and process development (IPPD) capability. Tlhe goal is to design an IPPD architectuc that
encompasses all dimensions of the affordability spectrum. ARPA is implementing initiatives to
include complex system design, e.g. aircraft, spacecraft, land systems, and ships. These efforts start
with advanced simulation and modeling tools to help decision makers and users better understand
their needs in technical and cost. terms, continue through the fundamental information and analytical
framework to bring all cost driving and related interests into the design process for vehicle systems,
and use advanced simulation to aid operational training and readiness. They will exploit ARPA's
core competencies in analytical and computational tools, information sciences, and mnaiufacturing
technologies.

ARPA's Dual-Use strategy includes identifying ways to use technologies in spin-on and spin-off
applications. The development and understanding of agile and flexible manufacturing technologies
can enable facilities, technologies and processes to be used for both commercial and military
products, thus expanding the product base and aehie-ing more affordable products.

- ARPA's strategy is to quantify the benefits of IPPD and Dual-Use in the context of affordable
military products, subsystems, and components. The IPPD systems engineering tools coupled with
ARPA's modeling and simulation investments can significantly help military users and developers
quickly understand the requirements and test and evaluation aspects of their developments. These
tools will incorporate costs and address affordability as part of the underlying requirementrs and
preliminary design.

F Finally ARPA is using its newly sanctioned Agreements Authority to systematically expand, exploit,
demonstrate, and quantify innovative business practices in the design and development processes.

~~~~~~~~~~. . .. . .--.- ... ..- -...- -. • • • • • -_



Perimnete-r protection (next-generation tircwalls) will provide a barrier be.hind
which organizations can safely perform their sensitive internal business, and
behind which they call be protected from intrusion from the network-.
Organizations must be able to specify their owip security policies, and these
orgaxiization-specifiabi.- policies must be enforceable in tomorrow',, end
systems.
Flexible, dynam~ic security encilaves can be established that effect distributed,
virtual protected entities. Useis within such prntccted enclaves call interact
with each other with the same procections they would have if they wc-re behind
a common firewall.
End systems will ue able to execute guest sofware or other potentially suspect
software in their owvn isolated domains of executC on, so that any security flaws
in that software cannot threaten th% rest of the system.
Seur iteoprtio exmpe appimce acean nerato fdt

Secre nteopeazin o apliations is nessary to support secure data

from medical daLibases.
-gres f potctin wll e;available, dependL'og on the need.
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To achieve the vision for the future, conunercial carriers (interaet providers,
telephone, cellular, cable, etc.) will need to 1, rovide strengthened infrastructure
components (e.g., switches, routers, name servers, directories, etc.)
Basic security services will be offered by comunercial carriers and/or third
parties (for example, for authentication, access control, privacy, security
monitoring, integrity, key-escrow, metering, notorization, etc.)

Security controls, for a basic minimum degree of secuiity, will be requi,'cd in
order for end systems to connect to the network. This is necessaty, because a
single weak subscriber can provide a point of entry that may threaten other
subscribers on the network.

- - 1 Third-party on-line security validation services will be provided, to provide
initial validation of appropriate end-system security before connecting to the
network. Periodic security assessments can be performed to ensure that the
secure configuration is maintained over time and as end systems evolve.

J



The basic goals of infor-mation infrastructure security require that we addre S,; a
wide range of issues. The goals are as follows.

We need to prevent unauthorized access and unauthorized denial of access.

We need to protect the privacy and integrity of data and software in end
systems,

We need to prowect the privacy and inlegrity of data in transit from one end
system to another.

We need to protect the integrity of the infrastructure, and its components.
Assurance in the correctness, tamperproof-ness, and nonibypassability of the
secuiity controls can be increased in a number of ways, including the us' of
formal methods for the most critical components or applications of security.
Using various assurance techniques, appropriate degi-aes of assurance can be
provided.
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Affordability studies throughout industry, DoD, amd ARPA for many years have tried to
articulate the benefit of parallel or concurrent engineering in the upfront phases of system
development. The argument remains that the; majority of the costs are deternrincd in the
design phase and therefore te greatest leverage for rducing costs and designing affordable
products is also found in the upfront effort. Until tho MIT study of the automotive industry
was published in 1990 there was little data to quantify the payoff. MIT's work provides data
in the high-volume commercial automotive context that supports the underlying assertions.

Their studies and findings highlight the technology deficiencies that still exist in providing
an efficient way for many of the cost driving engineering disciplines to participate
concurrently in the design process. Much of the clear economic advantage that has been
demonstrated was done with human interface and was limited by that process. We beiie-ve
that if sufficient information, analytical and computatioual design tools can be li.lkoed
together to share data, requirements and sensitivities nwany design alternatives could I.
iterated and evaluated in a relatively short time. Costs of alternatives and performance toadeim
including costs could be responsibly performed. The resultant candidate systems or
technologies could be electronically prototyped and evaluated within a high fidelity
simulation environment and the military utility of the candidates assessed at a war righting
level. Costs, producibility, and affordability could be critical and meaningful compoenats in
the assessment by users and developers.

PJoint participation by the users, developers, builders and supporters in the design process can
lead to doing it right the first time rather than our current way of design-test-fix and then
"redesign for production. This will significantly reduce the quantity to cost sensitivity wtich
now makes small military production runs unaffordable.
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Aprocess not only by the FAR, UFAR and C/SCSC but also by ,.culture that has be-ein katur Wd by
its practitioners. Even when speciti(c authority lias been granted to relax or elimirnate sonie
ooerous documentation or certifying, requirememi~ts, the full iniasuie of the regivhtzioný: are oftcm
ppflied because both thec industry and (lefc-se participants are comfiortable witl) themt.

Cog ess rcil passedl legislation to ex~pand ARPA's Agreements Authority, PruVIOUS
lglation ailowed ARPA to obtain ha..c resewrch through Agrfeimnet!; Authority ihu

requiring formal govcrnniennt contracts and related financial reporting. The expanded
Agreemnwrts Aetizrity now permnits ARPA to also purchase hw-dware and buy products from

I comnpanies which dlo not have compliant CISCSC systiemis. The necw Agroemnirts Authority is for
three yoars and requires ARPA to a.,;sess and qluantify the benefits that accrue from this

,4 ohninnation of bureaucratic requirements in a hardware development context. Agreements
I ~ Authority gives ARPA and participating conttactnis the flexibility to replace existing ieguiations

w'ithn more flexible best cownmercial practices. The opportunity nilows for innovativu
managemient of tlie business enterprise Wo iinclude paitwerng and shar~ing of design respousibilty
among primes, subcontractors, vendors and suppliers. Efficient and effective inanageenirt of
inventory and supplies replaces the old incen~tives to stock pile arid front loadJ contracts.

AgemnsAhr~ rvdsa potnt oepotbe s t practices toinclue devisir,_

adiin. ot oipemn oenetmnae reporting systemks. This new approach

I gaining insight to fulfill basic fiduciary i .sponsibi!ities. A new, area of interest is in activity orvprocess based accounting, costing and nianagernei-t. We feel Qhat these financial methods and
t-ols will enable us to evaluate v9alue and iion-value added activities and to qjuantify and measure
affordability issues and benef its.
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ARPA has a rich heritage of to addressing design aid manufacturing efficiencies through
advanced technologies. Over the last decade ARPA has invested inl identifyinog, developing and
demonstrating through pilot projects the technologies necessally to r'educe manufacturing cycle
times, improve product quality, and lower unit production cost. These pilot projects included:
MOSIS (Metal Oxide Silicone Implementation St.-ivice), D)ICE' (DARPA Initiative in
Concurr-ent Engineering), MlECE (Multimedia lUnginecriog ('ellaboraLive Environment), MADEh
(Manufacturing and Design Engineering), and several others.

Past efforts focused on collaborationm technologies and networking infrastructure to aid in the
concurrent interaction of mnul tiple and dispersed engineering 'ikcipifi cms. 'The technologies
develope'l in the broad areas of information science, network servers, information formats and
p~rotocols, as well as analytical design tools, nmnaufucturing and materials processes have
produced mnultimoedia conferencing, wrapper teclomology, and senmi-automated designer aidu.

Pilot projects were used ino demonstrate the benefits of concurrent engineering and electr-onic
commerce within disperscid ptroject teams. The successful demonstrations included: Hollow
Airt'uil Deve-lonient, Composite P~art Fabrication, and Multi..chip Module Design and
Fabrication.

-sn*ere rm h io rjct nld otole ofgrto
Accomoplishmi.nas and lessoslandfo h io rjcsicuecnrle ofgrto
r~mnagoinent of a shared design dataibase; reduced design and process development cycle timecs;
reduced numbers of engineering chiaige orders; and reduced scrap and rework, These successes
are being used as a point of departure to proceed in expanding our efforts. Specifically, ARPA is
investinig in efforts to increase the numb' r of engineering disciplines, integrate cost and best
practices, and include all stakeholders inl the design prmocess

00=~~
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We are maing progress and seeing some payoffs from our initi.hd investments in conicurrent! engineering mid IPPD. This is a schematic of tihe information archaitecture that ARPA, NIST

.and tie University of Iowa have put together in a program to develop and mature a
comprehensive IPPD environment. It depicts the integration of the University of Iowa's
motion ba.-ed simulator into the mechanical, structural and dynamic disciplines of the design
process. Important to note is the wrapper technology developed to allow competing
commercial rustoraers to simultaneously participate in the design iteration process without
compromising d teir individual proprietary algorithms and processes. The upper portion of the
datastream connects the traditional Commercial Off The Shelf (COTS) software design and
manufacturing tools While the lower domains bring in individual cost driving engineering
conn,;traints or consideration,,. Huran factos, ,ad life cycle elements of reliability and

in the design iteration. At present, costs are evaluated separately

in the final alternative selection process. An area of opportunity is in integrating process Mnd
activity based cost estimating relationships (CERS) and cost knowledge bases into the
individual design tools so that the engineers can directly evaluate the impact ot cost and
performance trades at all levels of detail within the overall process. Using the previously
mentioned innovative business practices will allow prime contractors to involve their
subcontractors, vendors and suppliers in interactive participation in the design process.
Recently there was an opportunity to heip a major US auto manufacturer use this ARPA-
""sponsored IPPD environment to rapidly examine many design alteinatives to solve a rather
complex problemn.

K
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We have a window of opportunity to develop, demonstrate, and transition technologies for
affordability in the ARPA X-32 (ASTOVL) program. The X-32 has always had affordability
and reduced cost as an essential program goal. The program is centered about three high
level requirements: empty weight, deck spotting factor, and the use of an existing propulsion
system core. Three X-32 contractor teams: Boeing, Pratt & Whitney arid Rolls Royce;
Lockheed, Pratt & Whitney and Allison; and MDonnell Douglas and GE; in addition to
developing and demonstrating critical ASTOVL technology in Phase 11 Risk Reduction, are
"also currently completing "Affordability Jump-start" tasks. The teams are evaluating various,
design and manufacturing technologies for affordability as well as designing an accounting
and management framework to develop a generic activity based ceŽst estimating model. The
jump-start effort identifies desired attributes of an IPPD environment supported by an activity
based cost and management system. The actual effort will build, use, measure, and quantify
the impact of these IPPD tools and innovative business practices (elimination of mil-specs
and standards as well a- using activity based costing rather than C/SCSC) in subsequent
phases of the program.

The X-32 contractor teams have already begun to build, demonstrate and use affordability
tools and IM.D environment hosted design processes to gain competitive advantage in their
ongoing design of an affordable advanced strike fighter. The measurement of the IPPD
affordability impact and the quantification of its benefits will be important not only to X-32

but the lessons learned and technologies and processes developed can be transitioned to the
eventual Joint Advanced (Affordable) Strike Technology Fighter (JAST) and other complex
vehicle systems. The timing of the X-32 technology and IPPD environment development is
ideal for integration into the JAST Program .naster schedule. Whether ASTOVL becomes it
JAST candidate or only provides affordability concepts and tools it will contribute
significantly to the affordability goals of our next major aircraft development program.

vi...



The agenda for the Affordable Defense session will explore a variety of discipline areas in
which ARPA is investing in to make technology and subsequently military systems more
affordable. T oday's presentations are divided into two sessions, morning and afternoon. Dr.
Michael McGrath will chair both sessions. The morning session will emphasize ARPA's
efforts to make technology less expensive. The afternoon session will be more global,
addressing system level topics such- as: tools, technology, costs, simulation, and system

development through rehearsal and implementation that are being developed to help build
more affordable systems.
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Before I begin talking about current activities, let me state my view regarding
the impact of software engineering on the military. My perspective is not a
research only perspective, but rather one that emphasizes how software
engineering is a vehicle for achieving faster, cheaper, better and perhaps
smarter systems. More specifically, we are concerned with:

* reduced timne/cost to field or evolve systems

* increased predictability in the development of complex systems

* improved information and analysis for the user

Stated another waJ, reduced time to develop, reduced cost of ownership, and
increased mission capabilities.
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In my talk today, I will address some activities that are addressing the faster,
- cheaper, better and smarter perspective. It is significant that not all will be

technical solutions, but often are an integration of various technologies with
some organizational and acquisition type changes. I'll start out di~scussing
product lines, provide borne examples of the power of this concept and the
technologies, and then talk about future software engineering efforts
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Let me explain what the product line approach is ...

The approach here was to just walk thru the slide, fromn bullet to bullet II
*1m



A Very key idea in the product line approach is to think about 2 life cycles,
instead of just 1. The Bottom half of this chart (application development) is
generally the typical single systems development approach (remove the
references to architecture however).

One of the main problems with single systems development is that it doesn't
pay any focosed attention to results available from similar systems. This is an
artifact of our acquisition approach and of course affects program offices,
contractors, and government post deployment support organizations. Over
time, we have learned that a 2nd life cycle, called Domain engineering is
needed. This life cycle exists in a parallel with application development, and
focuses on common assets and procedures within an application domain or line
of business.

K
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I A consequen'ce of single systems development approached is shown in this
chart. We have all heard about stove pipe systems, and they exist in many
places. Here is an example from Air Force Space Command, with whom
ARPA is working to minimize the consequence of this problem, using the 2
life cycle approach. SPACECOM has a significant # of systems in the
Cheyenne mountain complex and when you step back and look at them, they
are very similar with respect to the software that constitutes them.

At SPACECOM, they have < go thru the bullets at the top of the chiart>
which has significant ipact on staffing, responsiveness to users, afford-ability,Kbudget, etc.

1:7
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The question is "we have inherited all these developments, what to do about
it." Much of this work is being driven from the perspective of the software
maintenance world, because the development community still tends to think
single system and doesn't see the consequences of thdt approach. The approach
at SPACECOM (and the approach everywhere) is to figure out where each
system is unique (ie what mission capability it provides that other systems
don't) and also figure out what the common services are that systems of this
class need, and to separate the 2.

Thru much work, they are making those distinctions and have developed a
layered architectural infrastructure shown. This approach really minimizes the
amount of mission specific code that has to be maintained and makes for a
more effective maintenance organization, because now not every system has to
focus on common type services (displays, database, etc)Fj
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ARPA's interest in Collaborative Design and Manufacture stems from the
fundamental need to address Affordable acquisition of Defense systems.
Currently DoD acquires its components and systems from a set of contractors
that are cormnonly referred to as "Defense Contractors". These contractors
and their capabilities constitute the Defense Manufacturing infrastructure of
the country. Severe- reductions in DoD acquisitions budget will result in a
reduction in the size of the defense industrial infrastructure. If nothing is done
to counter this, it will impede our goals of improving the level of readiness and
acquiring systems affordably. In order to meet these goals, in light of budget
reductions, it is important to develop technologies that will allow us to
integrate the commercial infrastructure with the ,lefe-.e infrastructure. While
such a policy is ia place, the technologies to inake this happen Pre not. The
goals of the 3 programs described in this briufiag (MADE, SBD, ard IPPD)
are to develop and demonstrate technologies that will accomplish this
objective.
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Theli )Impost ul this slide is to show where softwuc, deveiopienet activities
axetuday, where the new tech~nologies a,-- leading 1us in the1C 3-5 yCaL time
frmie .. .ie luphig fur common practice in that time frame, and where
.subsoquent AR1PA investnmouts will bo mamde so thati additional supportive
teehnulogics are available in I he 7- 10 yeam' ti me, frame
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Results to date (including cost data for doing the processes repetitively)
indicate applicability to all the software domains maintained at Ft Monmouth,

V with dift~rent types of savings accruing at different organizational levels. This
I LYfagain comes viewing Software ias a set of product line assets, hiiA;tad o ju t

from a single system approach. I would acknowledge that iliajor challenges lie
ahecad in taking the approach to acquisition world because of the way systems
are acquired. Perhaps the maintenance community which inhcritLi the results of
acquisition programs ought to have a larger voice In acquisitions.
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Similar efforts are also ongoing in the Armny at 1Foi. Monmouth, again ill
postdeploynient software support.

* Asan xampe, he amy as onic 80+ clecti-oiic warfare systems, and high
leve doainanaysis of those. systems has revealed significant comminonulity ill

functionality and lots of difforent versions of code t~o maintain. In fact there
are 27 systems whete I3LPA- emitter location p~ositioning analysis -is used,

AT ~ The Army is dohig detailed domain analysis of this sub.-domain and thien will
iiisert that new code into a member of thc Guardrail application alaifily. IThey
intend to accomiplish similar domain enghineernln. netin vra#o
systemis. Anid this is not something just for the 113W world.

La



The results from this appro~ach to date (in building one of the individual
applications) have been quite significant, Productivity has been about 2,000
LOC/per staff' month, but the most significant itemn is how that was achieved.
52% of' the code was reused (its the infrastructure layer), 34% of the code was
auto generated to the requiremnlets of the application, based on some domain
specific tools that are aware of tie infrastructure layer, and only 14% was hand
generated. Thus, the individual application engineers/developers can
concentrate on the application/mission specifics of their problem, instead of

43 worrying about ic-developing lots of infrastructure code.

KW
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The previous info leads to the next slide which illustrates that a new
development process is possible/doable. 2 key ideas:

* it is possible to isolate the mission specific portions of the system by using

a layered infrastructure approach thus reducing complexity, and development
[1. •time

•th apprach is also veiy •lexible aid allows the layers to grow and evolve

-j * Hardware selection decision (which often are the pacing factor in

acquisitions CAN be delayed until its just in time

AW



Yr 14A1.hI"AS'1'is an cx ein.nt within the IVAI)E progyrni The, goal of this

The MAL)1EIAS'1vkioII includes ni' ebers oi a distiibuted desigu and
prottypng tam ollaborating over the Internet and availing themnselves of an

wa~y of tools and servicos incl Wing-: 4.Ie(.Arcnvic i onI t1It1ooks, Cltloý-N
analysis tools, p)rotolypillg services, etc.

All d1ocumen~tation is on-.line and in Ipvwiafor.M

Teami nlenbe;-s interact through shared n oteb~ooks, tolecon liti1cici l''! email,
etc.

One of the outcoines of the MAL)1S1MASTexperiment is an "wrganic" project
we-b useful for redesign and engineering education.
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ARPA has 3 prograwds rM!atod to Collaborative Design and M,1mulacturing of
clectro-mchanical systems. These are Integrated Product and Process Design
(IPPD) that addresses the design and manuifacture of vehicles, Simulation
Baszd Design .S1B1)) that addresses simulation of design and mnanufactuwe of
ships, and Manufacturing Automation and Design Enginecring that aims to
create the base technologies, tools, and inl rastructure in the area of
imumufacturing and designi. This vu-g'aJph also shows the cumulative budget
f'r the 3 programs from IY95 1hrough I"'8"

y",
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Collaborative Design and Manufacturing requires several layers of
iafrastri-ciure. ARPA's strategy is to create these layers of infrastructure

I, through a combination of Core programs, TRP and Advanced Technology
demonstrators (ATD).

A?"
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K ~ Based on the current acquisitions budget, it is conceivable that future DoD
requirements for new capabilities would require upgrading cxisting systems
instead of design, manufacture and acquisition of completely new platforms.

This 'n turn would involve redesign of current systems and subsystems in orderI to incorporate new technology.
This vu..graph shows an example of a scenario in 2005 wherein the enemy has
developed/acquired a Low Observable technology. This will impact the F-22
and the issue is whether this threat shoulW be countered by incorporating a new
IRISTS (Iifra-Red Sensor Tracking System) or by making a modification of
the avionics. The effect of either of these choices on several subsystems
should be considered. The answers arrived at must be compared Co the
baseline. In order for any of this to be realized, it is important and necessary
that the design process be captured and new design created.

If the above scenario were to to happen today, it is cle~ar that we will not be
able to do up-grades or insert new technology in existing platforms affordably
because we do not have tools that capture the complete design and
manuf-acturing cycle including rationale for choices made during design and
manufacture. What is therefore needed is an infrastructure and tools that willA allow us to insert new techinology for upgrades affordably.

iii
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One nice industrial example is the Lockheed Agile Cable Production Service in

Sunnyvale, CA. The ACaPS facility allows users to order custom cables using
an electronic order form that is available on-line. The system returns an initial
rough estimate quote electronically based on the data provided in the order
form. The goal of this facility is to demonstrate a turn around time of 48 hours
from initial order to delivery of cables.

This projecL is partly a spin-off of ARPA supported research at Stanford and
Lockheed.

Vol r1
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The goal of the SBD program (in MSTO) is to create an eavironment that
would allow for collaborative and distributed virtual design. These goals are
being demonstrated in the context of ship design. Traditional emphasis has
been on T&E, Logistics and Operations, The SBD emphasis is on
Requirements capture, Conceptual design, Detailed design, Immersive
Environments, and Manufacture.



One of the accomplishments of the S13D) program is the devuJopiueni of the
sinart product modei. This miodel is based oni object ofriented techinology and is
the basis for inulti-disciplinwy simulations and it links paratuetric modeling to
analytical toolk. The SBI) prugrum has ruccuLly completed a 15 mouth
feasibility phase andit Virtual Shipyard j)roj--ct hus beeni inil iated.



"I'his ki an, example (ill the IPI)II prolgriam) Whiei'eii a te irain hats been digitized
and is being projected through wrap-arounld srecns. The drivcr, is sittiigj lit
the p~hysical siniulaIli (showni ini the picture oil tlw.e right) wnd what lie views is

A ~shown in the pictune on the left ill (ie vu.-graph. The rougIl~iess oflith terrain is
muapped into the physical vehicle througth d grces of ficedom base that is
coninected to a computer. Enviroinments like this will piovide future training
capabl~ities aiid also be used for evaluating designs uid comuprehenusive
asSe~ssmlent analysis for future land vehicles and other platforms~,

1IN
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Thli creation of ni A~gile Design t.umsniei fAJ
design~ to facilitate analysis, modification, etc. 1)esig pI proec'ses will allow
multi coinpjm~y teams to perfounk multi level mnuuipulation of' dCi.S gmnd
finially, designiers will be able to collaboral': ini shared and virtual worlds with
powerful tei, seitatiolis wid processes to suppjoi thezu 'ILe Agile Design
envir'o~nment will consis2t ot Com~preiieiisive 1)esigniand a Dc)esign Wet).
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ARIIA's investmients in Collaborative design would na-ke the fo! Iowzine

It would bie possible to filnd deCSign iniformationi and iniformation fragmenets for
the designl/redesigiz in question. It would be possible to semantically link
models andsimiulations ucroqs,, disciplinecs, levels of abstraction and levels of'
detail. I'mr examiple, it would We possible to link structural m1odels and
SimiUkatioll'5 with ael-operluri nai ice, etc. It would be possible to propagate the
effect of design changes across lairge niulti-discijplizzary integrated product
team~s. And finzally, it would lbe possible to (10 tag-teann design zini fully

qualify teanmmates With Lcinihecl designi kiowledgt-.



In the Agile Designi euviioiinient, the Design Wet) w'ill play ai Very impoll)OLi(
iole. This~ "orgallic" web will be the basis for collaborat~ion anid exchiange of
informiation regal-ding designs. Tihe Designi web will coosist oW Personal,
Artifact and Organizations webs which will be seamlessly iiitcgi ated and
provide connic~tivity ul'itilojination. T'he web) will be popiulated with
intelligent agents who will aýSsist the designer in finding designt inf~ibniationuii i
partial design fragments, The agenits will alho lie used for nionitmiing, aod

manaemet o a istibuted desilpn activity (acronssspace, and tinic). 'I'he wet)
w ill enlable tile VisionI team of tag-teakn design wherein it would be pom-A it)
qi malify new design Wailln mates with enriched design knowledge. M .,
imipoit~amtly, it will allow mne (camn to pick up from where another (t anm left
without having the mneed for. physical interaction,
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I'd like to give you an overview of the ](ASSL' program.

11ASSIP is a 4.5 year, $150M program which) kcgan life as an Advanced
Technology Demoknstrationl (All)) for DoD Science and Technology Thrust 7,
"Tech~nology for AffoL(hibility"

In thiia lalk, I will dlesciibe the go~als of RA.8M~ and thie main technical ideas on~
which it isbased.

I will also briefly up)date you on the gover-nment and industry organizations
involved in the pro0gram, and our ear'ly accomplishments.
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RASSP is an ARPA/Tri-Service initiative to improve the process of designing
embedded signal processors

We chose the domain of embedded DSPs because virtually every weapons,
surveillance, and comnuni'-ation system in the DoD inventory requires a
signal processor

It is impoitant to note that RASSP is not just concerned with initial design
capability, but with the full life cycel of the signal processor

'2 ý
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The major motivation for RASSP is to get DoD systems on the commercial
technology curve and make it possible to keep them there over an extended life
cycle.

The program's top-level goals are
4x or better design and redesign speed improvement

4x or better improvement in life cycle cost

development of an advanced, systematic design capability to
achieve these goas, and commercialization and promulgation of that
ca-pability to the US electronics design community

I.
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To help understand what a program is, it somietimes helps., to emphasize what is
is not. RASSP is not

-an ASIC design programn. It deals with laiger, more complex systeins
at the single and multiple board level. Consequently, it involves
ASICs, but it also involves tPIGAs, MCMs, programmable processors,

.fx and glue logic.

-a CAD tool developmient program-. While CAD tools arc irnpotant,
we will sec in a minute that they are only one aspect of the programi,
and not the most imiporltant one.

-dealing with microwave or analog signals. RASSi' is restricted to
digital circuitry only, and only signal processors at that. This gives us a
way, even if somewhat arbitrary, to constrain the problem to a

workable size.I ~



The RASSP technology triad of methodology, architecture, and infrastructure
is fundamental to the program, and the order of these items was not chosen
casually.

The number one task of the RASSP program is to develop an intelligent
methodology for designing embedded DSPs for DoD application. You can
give a designer the best tools in the world, but if he doesn't choose a good
architecture you will still get a bad product; and if he doesn't use the tools
well, you will still get a bad product. RASSP is exploring methodologies
based on the incremental refinement, heavy use of VHDL and virtual
prototyping, and heavy use of HW and SW module re-use and synthesis.

The choice of methodology is supported by smart choices of architectures. We
want to develop architectural approaches which make it inherently easier to
design a product, and then to maintain, upgrade, or redesign it in the out years.
It is in architecture that we hope the DSP domain restriction will provide some
advantages.

Once you have a good process and architecture, only then should you choose
or develop tools, libraries, networking, and other EDA infrastructure
capabilities needed to support your architectures and your methodology



Some more word., on RASSPs incrcemental refinement methodology, which we
have likened to the "model year" concept in automobices, are in order.

Current military design practice emphasizes development of the best possible
technology at the time of initial design

- "point design"

-better performance than obtainable from standard commercial practice

IF -tecnolgicl dad e 4"reslt romnotbeing based on commercially

Rpdtechnology development often means that the point design is no longer

ro- development paradigm

- intia deignconormsto estcurentcommercial practice, gets into

-design system makes it easy to insert '-''iproved technology every I to 3
years, increasing functionality and better tracking the technology curve

user gets early prototypes much sooner and better ultimate performance

1~•m
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A signal processor may have some or all of the following components

- analog front end plus A/D and D/A converters, typically to interface to
a sensor such as radar, IR, or sonar

- a relatively "hard-wired" or custom digital front end, comprised of on-
programmable o, semi-programmable high speed parts such as FPGAs
and ASICs

a programmable embedded processor comprised of COTS DSP and
RISC chips and other standard parts, or even HPC modules

Thus, RASSP design systems must deal with a heterogeneous mix of

components

Subsystems will be connected via scalable, open interconnect fabrics

- minimize tie nLmnber of custom interface (4ardw-we and software)
designs required

- enable technology or functionality upgrades to one portion of the
RASSP processor without requiring redesign of other portions

rr{
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Tlis~ i,, a sossiunI o11 "~Affordable DI' pig,' no one might ask what tiiew is inl
what I've told you that cmitributos to affordability.

F~irst, bear in mind that RASSP is airlietI at life cycle cost imiproveluleIlN.

Given that, wt- believe that savbigs will result fromi

direct timte and labor savings thirmigh imole rapid developnei oll(o
l)Lototype designs

-reduction ot design "re-work" through vii tual l)r)totypi1L, VP1 also
gives tio the cap~lmility to upgrade and redesign poil~ioni; oC a systeml litt
later dates with miuch less effort thain curit-etly requit-ed

is' - choosiing from architectural approaches that are. st~ai~dard ?ed and well-
tailored willI allow the use ofIUxpensive Coltiileteial Lpai flinillies,

and will suppor-t design based on ro.ise librariesK1  
- codesign, done well, canl luad to mtuch better decisions about processom

airchitectures Which directly save boards aid paits
-Re-use is a direct time and cost saver, Tini is acceplotd inl software, and~l

we want to extend itto haidware as well. This requires a lot 01 Vii I.)
library devolopmi'iAR

-The ability to use commerccial ledclinology allows us to share hii Aie,
short- and long-tern savinigs ol that nuich larger' markm~
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spec~ific it ii haky appli iULtiohiHs

WWIurise defineId by (ieu heiichinitukhig Icwit

I Wniidl~lMid)I belCICIIHIiiak exeivie are~ requ'Ll~ired to dlemonstr~adte moe

Benhmaks nd esutswill bic widely dissominated to fich developeri and user



"WFII~

7,.l sol eritoa45ya iorik. oAlcww aemd

~Sses due55j nex Suzilyur Theyar it . ew pushigral (lne tatckH, tie art il maIDe

basied muloch-flaa8 anld viii wd prolotypuig, amid are leading tile enihancemnent and
.aatugua'alio (A' nialky highl level LICsitlI took.

Thle first hemichmauik excicise, which inavolves architecturala taideol'i' [and vittual
prof otypinag of (lie LJAV S AR imago form atio pr1)ocessor, is unlder Way [aid will

to dicirIRA~SSP hiaa'onnation sy~stemn,to beginninN all elotoics caingu c11gale

'I'i firs't I0t) echno logy hasie coiihiactors have beena at work a ycaa' [aid produced

loo) iliaiiy [iccoiiilishlieiilN' to mienitioni here. Thle "iecoaid glioup of' I I k *jus
C )ii ug under contiract.
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tile DC urea everylal leei pobal SoiVlk Jly iv~llL t9oS This ti.. a gootd plc oIn il

peaoi tormwaxhand inc Ah work in( tilea exiitys, niul'en ilh edi

'The l(ASSP Ilducatioi an~d I a~ilIitat ion con~tractorI pro vides a siuilde point of'
con itact i ,or emteisi~xv progranil nilox-Illatioli resources. Whbile thuis eflort is niew,
it Wii.iill ii Ul) Mapidl y. A go od way tco expzlore what ix avai bible is dinoqgll

ii 0- MoS'liC 0 01othel Web I ,zOWxerx, 118ing thle URI. xhOWn onl tile Q1h1111

(.:oinpallien and programs hinterested in I ying out RASSP dcsitn process and
tatkinigadvatitage of ARJ'A'n izzvcxtileent inl this progin all o~ ~pion.o will] 11"

F inalily, I aln always in terosted ill g.'ood deosigit tccliliology ideas,
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This b riefilKig is ill two paits, m shown inl this outline, 1First, as background, I
will describe br'iefly tlie overall1 ARI'A TIii-Servico Guidanlce Technzology
Program,.

Then~i, tile lIVO( NManuftacturabihity preselntation w~adl-08 ttdw le following
questions:

IWhy ale we pursuiiig itI

WVhat ate out. olbJectives?
I low will we [to it and what dto we get?

4P,



'1k .ARPA objectives are to develop & demonstrate technologies for low cost,
high accuracy initegrated navigation and precision guidance. Applications
include mnnamed and unnmaned airborne platforms, laud and sea vehicles and
standloff weapons~.

"p.1
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Four components of the ARPA programn are shown on this chart.

Thle GPS Guidance Package (or GGI' programn) combines a nmiiiiature GP; roceiver with a
nliqiiature Inertial Measurement Unit (IMU) to form it tightly integrated navigation sensor. This
combination couples the high quality long te-rm pe~rformance of a GPS recci ver with the relatively
short term, high performance of an IMU. Associated digital processors are included to fonnk a
high quality, integrated navigation unit. The ARPA solid state, miniature IMU features IFOGs.
Hence IFOG inanutfieturability is a natural outgrowth of this program.

The Commnon Grid program will provide a theatet-wide, highly accurate conmon position and
timing reference grid for targeting and navigation. Coiiunonl Grid capitalizes, amiong other things,
on thle miniiiature GPS receiver developments in GGP.

Th le IFOG Manufacturability componient will provide for thie development of the
nmanuftacturability infrastructure to develop high performance, navigation grade, low cost IFOGs.
The fabrication technologies needed to produce such all IFOG will be developed. T1his effort will
develop the capability to produce highly reliable miniature 'FOGs at low cost and will develop

imp~rovemelnts in Elie components and in the packaging, to meet these goal~s.
For miany applications, an end gamie seeker will be required. This is addressed by the

Shiazpshooter programn. Most mlobile and many fixed potential targets are not and will never be
approximiatey known but die final targ~et location will have to be deternlined by an end garne
seeker. This programn exploits the mnidcourse accuracies provided by tie GGP program to reduce
tie complexity and cost of die endgamne seekers. This would be exeinipfiiicd by a simallur seeker
field of view and, shorier range for terminal acquisition. This programi will be addressed in a later
presentation by Dr. Lamrry Stotts. These tchnio logies will be- available for insertion into a nurnier
of systerns such w;~:

Surveillance and Targeting l'latfor-iis
Launch/Strike Platformis
Precision C a;.Ide Weapons

* - a .. Mission Planning ane( Control

The bottom line is thal we are trying to capitalize onl advanced guidance technologies in order
to increase force effectiveness with anl emphias~is oii low cost and reliability. We now move to thle
slxucirics of ~ur [loG vaiiufiictum'aoility programi.



The objectives of tile IFOG Manufacturability program are to provide the
necessary infrastracture to support low cost navigation grade ( £ 1 nm/hr drift
rate) FOG performance and to develop the requisite technologies for automated,
large volume IFOG fabrication, This will be achieved by employing highly
automated, large volume production assembly and test manufacturing processes
and machinery. Some of the required capabilities are:

Large volume batch processing of optical parts with high throughput ratesK - Robotic assembly and automatic test

High optical quality assembly with base capability of providing "navigation
grae" performance (£In/r at under $150axis or $0/triax unit
- The capability of scaling up production for lower performance (e.g., tactical•,:• gad" erorane £1 m/r)atuner$100alsowr perfo/rmanc (eg.ntcica

grade, £10 nm/hr) at even lower cost

I 'A
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The motivation for pursuing an WFOG manufacturing effort are many fold.

Rotation rate sensors Gyros, are essential generic elements for providing
spatial orientation (attitude) data to vehicle and sensor systems, cormmercial as

well as military,

(e.g., aircraft-ships-cars, radar-electro-optics, etc.) Low cost devices must
employ high-volume, solid-state foundry fabrication and robotic assembly to
minimize the cost. In particular, the GPS Guidance Technology Program
incorporates IFOG rotation rate sensors.

W, The U.S. is the world leader in GN&C today, due to its preeminence in the
manufacture of the Ring Laser Gyro (RLG). The IFOG will be the technology
of the future, replacing the RLG technology. This is due to its inherent
advantage in manufacturing and its comparable capability to support high
quality angular rate measurements in a small, cost effective package. It shares
a common optical technology base with the teleconumunications industry and
its physics and risks are well understood.

The current U.S. world leadership in guidance and control systems is
threatened by iapidly developing foreign IFOG producers. The Japanese are
well ahead in low end IFOG production for auto applications and nearly on a
par with the U.S. for high end IFOG performance achieved. The Europeans
are only lagging the U.S. by 1 year in high end gyro applications.

Both commercial and military U.S. investments in IFOG manufacture are
declining. This is leading to an erosion in the U.S. lead in GN&C technologies
which must be addressed if the U.S is to maintain it's position as world leader
in GN&C technologies.



w w
AZA

ARPA began prepari,'g for the IFOG manufacturing eflort by sponsoring a
workshop involving ARPA and representatives from the three services. This
workshop lead to the formation of an ARPA/Tri-Service steering committee
which helped to define the progrmar technical goals, the participant's roles in
the program and provided an outline of a program plan.

In March of this year, an information exchange workshop was held in which
the government representatives shared their vision and perspectives on the
IFOG manufacturing program with industry representatives. Industry views
and inputs were obtained to ensure a sound technical and management

-. approach. This workshop also incorporated a general session in which the
industry representatives could meet and speak with each other.

The IFOG program was included in the ARPA submittal for the FY95
President's budget. Congress has approved. We currently plan a four-year
ef, for fr a total of about $70M.

Fom--Alenc- ty Ann icpment this proaramtll be ititated vaa Broad
Agency Announcement.

Mi



The program will be coordinated through periodic meetings of the ARPAiTri-
Service steering committee. The steering committee is composed of
representatives from the US Army Missile Commaad from both the Research,
Development and Engineering Center and from the Guidance and Control
Division, from the Naval CommPnd, Control and Ocean Surveillance Center,
RDT&E Division and from the AF Wright Laboratory in both the
Manufacturing Technology and the Avionics Directorates.

IN
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The payoffs of this effort will include the de-velopment of affordable (E $5000) invigavion
grade mrwniature Inertial Measurement Units (IMUs). These IM(is will be available for
insertion into a multitude of military platforms and systems (including the GPS Guidance
Technology program) such as:

Precision guided munitions

Unattended sensors

Standoff weapons

These srmall, lightweight, miniature IMUs will be available for tight integration with
appropriate sensors aid systems. Due to their low cost and high accuracy, the IMUs will find
applications in many more sensors and systems than currently. Some examples are:

At the focal plane of an Infrared sensor to maintain liointing accuracy.

At the phase center of a radar or other antenna to improve signal tracking, coherence
and pointing.

As an affordable, non magnetic compass for use in arumored vehicles to provide a higil
quality "unjammnable" compass.

The IFOG manufacturing technology will be available for transition to the commercial sector.
This will undoubtedly lead to a number of new, emerging and innovative applications such as:

- Intelligent vehicle highway systems and related automatic vehicle location systems
- Advanced vehicle suspension systems

- General aviation applications

- Marine applications

- Other applications not yat envisioned

Fm



lii1z'astructurc, for a~l~rduble ivawfc ulo of.)( H vwill W Ike CIked by this
probn-w.

-. Navigation gradc gyros W, (actic~al grade pr~ices wid lowtor gfude f.:,Yi'oN. at
evoll lower w~hits

'The influs~uuCturo. thatbei.-ol)tic %Yroý and( w( supports the~ objct~ives of the
'~~1 Presidw4its Technology Rvinvesune ,vih b.e created will aid bulb the dfeawe

and Coll11norkci al inawnut'cture of inlei'k' oiluetri c lint Prograzii. Tlhin will
suiengigt n (hie comjkci1~. ivvei4,Ns o~ he US~ industry by loweiiut prIoductionI

j costs. Hence, it will help to ilaiflitain [lie US am the. world loader in the GN&C

m~arket, both now and in thke future,
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I o 1ummuduze, we ai-c putsuhig IFOG mmutwIiIt~io'bi beas (A'(li

etiiuueeialGIN('systems~. DuLe Lu It's jp teIiiul fuJI I'iv4 cost, Nililil siz'c uII
Ii, pedorlklmwe, (F)LI te&cli lullO io yili b ecoule the g'yi u tCtdlU()IOy W,.

lokce ill (lie WIuti. The U .S. le.ad ill IFOG u1L.IleLl~IN iN thul'CU~elleG tjy
7 ~~Japan~ese .,-nd HI ropoat II'O( lkatUhllUjil~tI4g effoltNS. To 011.01-0 UN kt' VAL,

ViubIC kjS IFO hIML111i"W mwuvhlie, usiie will z'equ~ie~ addcressinlg mal)lU
technoloogicalI is;'es ill 11'OG ulliaulufture.

Our ul.~ectives will he to provide [the li::'sesaly iull ilstructuk',. fol. low (con1
I' nay irgutioli VIadtc I UO( , 11h0 capability to pr'oduice. kssei 1'rade perfol-mul ~ce at

a1 lower Cost, and tile detvehlopment oh lI)I)Iol)iate illalIUilluctk ing' (ehnlo igios
requireLd f1. Iovv cost, ii inial nrc IFIX) product ion.
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The infirared tocal plane arrays aru used in iiwth miilitary and ucuinzwrcial
applications. Thre milituy iippl ical iow dominIate th e requireenae ts today,

truzn tw~get acquisition to truackini'g ormoissile scekers. Them korillerc ial1I ~aipilicutioiis are evolvi~iJ, with flue unvooled iidrj-rcd airays leading ia the.
vur iauel appficatroirs. The 1w ,Is iminlediate alpjlicatiulrs ale ill law

elflCr in)eie anid vehlice Sy'stems, No single hiftaed sensor design or inatevial
SYMCIII mnects all the(. o~i~l f'U . this brIoad appli~cation1 base.

At
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Tlhe fuc~a Ipla~lU aridy sub-comuncl)OiLts required (o tulect thisi broad applicatiou
base incl1ude both coold and wunooled infraued un-ys ini ultIiI)Ie types of
Ijtkal,.!, initegrated With staLe-oftheuat electroniics. 1R1IPA flexible
muanufacturinig systemsI mus~t thterefore iniclude all ~usets of the infrated
detoctur module, inuludhig thec 1)ackaging wid readout electronics, TIhe flexible

izanuuacutiiitig Ssytemn must~ also have the capabl~ity it) produce, hot h cooled

and uticooled infrarued detector typosN.

. ......



L The issues (pioblenis) With thu, production od infi'vaied local plane "'iriays os

ivleprioajily the cost. ol'the arrays, especially ait low voluiuws. The cs
issue include's both thle recurinug cost to prioduce m~ultiple duvice types oil tile

A samie line uid, the noinecurriog cost to introduce a new design into tlie
nianut'acturing line. T'he non.-recurring tine i-equived to complete and verif'y a
new design is also long, and compilicated by tile unique r-equirement"s of focal
plalie araty ekectroliics and cryogenics consideratioiis. Comipounding this issue
is the relatively long amiount dftime i-equited to comzplete the manufacturingIt cycle t'or a loeal plane urray. The nina or obJective ef ti,- flexible
mniazuacturing plo~i-amz is to address these problew~s and demonstrate tlie[ production of arrays of both existing and new desigzzs ill thle various
configurationzs required by intfrared s7ystemt developers. D evelopmzent ol'this
capability will also lead to a more, rapid evoluhitioni of the nzext genera~tionI of'
array dusigns.

LAT
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All import~ant consideration in the design of the processing equipment is the
response to changes in processing conditions. This equipment response model
unusl Ltke into account tie material characteristics as modified by processing
conditions, The niateiial parameters are usually affected by multiple
p~rocessinlg pitraimetots and a response surface relating multiple variables miust.
be developed. Mawerial characteristics are then directly iclated to the
performance metrics of the device. The completed process model defines the
equipmrent and 1m.ocess parameters required to maintain the material within
acceptable limits, which mieet performance characteristic rrqu ired for the
device.

AM
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In order to address these problems, the flexible manufacturing program will
demonstrate technology to produce arrays at low cost in low volume, minimize
the cost of introducing a new product into the line, and address a broai prodX ct
range. The reduction of fixed factory cost is a major factor in the production
of arrays at low volume. Fixed costs can be minimized by designin,
equipment to be as versatile as possible, ie. producing a wide range of infrared
and related products. The rapid turn-around of new array types will be
facilitated by development of new design tools, which integrate tht: total
considerations associated with a new design into a single comprehensive
software tool. These considerations include the electrical. and optical
performance of the array, and the mechanical considerations involved in
producing and assembling new components.



The flexible manufacturing development phases include the design of the
factory, development of fabrication tools, integration of these toois into the
factory, and final demonstrations. The tool development will ir,.lude the
demonstration of in-situ sensors to control the manufacturing process, allowing
the process to be monitored and controlled as the process recipes are changed
for the various array configurations. An important part of the tool
development is the cluster tool demonstration, which show the integration of
multiple processes into a single tool. This reduces the cycle time through the
line, and reduce handling required to manufacture the array. The final
integration line demonstration will include fabrication of various infrarmd
detector devices at reduced cost and with rapid cycle time through the line.

'A•-



The flexible manufacturing the inciudes all aspects of array development
necessary to design, fabricate, and package the array. These functions must be
integrated so that the coi-ripleted array meets the system design requil-emernts.

1[4sP l
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Cryogenic packages for infrared focal plane arrays are vacuum sealed
enclosures in which the infrared foca! plane array is mounted and maintained
at temperature of approximately 80k. Since the IRFPA is part of the optical
system, the alignment and positioning of t'he array is crucial to system
performance. Since the array configuration must also be matched to the
system application, the package design is different for each array
configuration. These requirements lead to the need for flexible manufacturing
capability for the cryogenic packa, An example of two dramatically
different package configuration are the packages for missile seeker
applications and talget acquisition arrays. This designs graphically illustrate
the need for a flexible mapufacturing capability.

W.
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The flexible assembly and manufacturing of the cryogeaic package will be
integrated into workstations which perfonau the assembly operations. The
workstation will include a design station that simulates the mechaaica•
assembly and also performs modeling of thermal and electrical properties of
the package. The assembly workstations will simplify the assembly process
uand reduce the cost of integrating a new assembly into the line.

t~fi
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Thec design and manufacturing of inframzd focal plane arrays is closely linked
to thc system design. A virtual prototype is being dov-:1.oped to ensure that the

array mneets the system requirem-ents, and can k- built within the; constraints of



The Virtual Prottl~ype will hiclude tile, Capability for 0entry of flew
specifications, selection of the design approach. cost and peiformance
predictions, land an historical view of the specified product anid related product
types. Au imrportaInt aspect of the vixtual prototype is thle product trade Space,
aflowing die user to irade-off ciesign pua aniters and o1~tindze thle cost of thle
dovice. Xii each area, default values will provide a baseline from which to
build new designs. The l)roduct trade space will l4ead the user through the

- design process providing guidcs oII selection of design parameiters. Through
use of the dosign and process informatiozi Contained in the virtua2 prototype,
the inrifraid manufacturing procemmss can be simnulated, allowing the user to
performu esseatial deligii trades before committing the product to
mnanufacturing.

49
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l he arrays to be built during the flexible manufacturing development include
scanning and stuing arrays which are designed consistent with DoD needs.
This output of m~easurable ha~rdware verifies that the. manufacturing line,, are
cap~able of producing u~setul products. There are. alio new designs to built
which stretch the limits of the manufacturing capability to larger array
configurations, The array new designs also exercise the design tools and
provide feecdback to both manufaicturing and the design tool development
effort.

O-P~
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Simulation

Plan 11nShedulo

Control

The flexible manufacturing system is integrated into a design network, which
links the various elements of the manufauturing line. This network provides
the capability to enter new processes, update existing processes, and schedule
tiow through the manufacturing line. The network is linked to process
equipment so that recipes can be directly download to miodify the process for
new designs, with distribution of processing and equipment specifications to
the manufacturing line.

M l



The, flexible manufacturing inetrics are in terms of cost and cycle time.
Reduction of the numibe-r of p~rocessing steps required to produce an array is an
importWnt consideration, which leads to lower cost and the capability to
produce new types of array designs. Other metrics include the non-recuirringy
cosit of a new array design and the number of array configurations which can

be produced on the focal plane array line,



ra1
E~exible manufacturing provides thl. capability to prod1uce a wide range, of

infrared focal plane arrays at low cost in low volumes of any pwlicular array
design. This is accomplish.ed through integration of the decagn and
manufacturing process. Equipment is designed to rapidly change from one
prow. ss to another, and maintenance the process within lirp.its. This leads lower

cost for cuirent array designs and rap~id evolution of new array designs.

-ra



r
[

if.'

17 �

LI
if

I.

F -'



The reduction of Defense procurement funds in the post Cold War era
has had a dramatic effect on tie tactical missile sector. This sector includes
the non-nuclear guided weapons used by Army, Navy, Air Force and
Marines. Funding has declined from a peak of about $9B per year n the mid
1980s to about $3B per year in 1995, a factor of three reduction. Quantities
of missiles ha-ie declined by considerably more than a factor of three, as
shown in this chart*. This indicates a substantial increase in the unit costs of
missiles. A major cost driver is the overhead associated with excess capacity
in this industrial sector. Thlere are still eight or more major prime contractors
in the tactical missile business, although the picture continues to change
thirough mergers and acquisitions. The 1992 Bottom Up Review estimated a
business base that would support only about four prime contractors,
assuming we design and manufacture missiles the way we did in the 1980s.

*FY 1995 President's
Budget Data



So the question is, "How will we design and manufacture tactical missiles in
the yeair 2000'?". This is the question addressed by the ARPIA/Tri- service[ :~ Affordable Multi-Missile Manufacturing program.
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£•hL The mission of the AM3 program is to demonstrate concepts that can
radically alter the cost-quantity relationship. These concepts include product
designs, process designs, enterprise systems, and business practices which can

4. be combined in a way that uses the mix of missiles to compensate for the
decline in production quantities. The goals of AM3 are to:

, Demonstrate the feasibility of 25-50% reductions in unit cost. This
will not be achieved by marginal improvements, but rather through
fundamental re-engineering of the manufacturing enterprise.

Establish two "pilot" enterprises that remain beyond the
"demonstration phase as a viable competitive base for future missileI!,: i!, production.

OIF



A key feature of ihe AM3 program will be innovative approaches to
contracting for missile development and production. Congress has granted
ARPA the authority to conduct demonstrations fo such innovation, outside of
the normal government procurement regulations, using "Agreements"
authority rather than contracts. Our plan is to explore such authority as needed
wo support AM3 demonstrations in Phases 2 and 3.

I-ra__ ___
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The model for the future missile manufacturing enterprise might look
something like this figure. The current paradigm of a production facility
dedicated to one or two nissiles will evolve to an integrated enterprise capable
of producing a large family of missiles. The economies of scale are preserved
by using the missile mix to comI~vnsate for the decline in individual missile
quatities. Thbis concept requires a degree of agility, or adaptability to change,
that is beyond our current business practices and technical envelope of
manufacturing flexibility. Within this framework uf multi-missile
manufacturing, we need to implement the innovations and radical process re-
engineering that will allow AM3 to reach its goal of 25-50% reductions in cost.

S

"ti



In FY 1994, AR IA sponsored studies to txz a-ine historical missile costs and
deter-i~ne %here le% age could best be exerted to reduce future costs.

'llic studies cmnkiwled that the greatest lever--.e on prcduct cost is available
i~afly in the designi process. Integrated Product/Process Development (IPPD)
n&-eds to be ir;,riemcnted in the bro 4dest 3ense, not only in the engineering
- r, -ss but in the organization and acquisitiun practices that govern the
6evelopincent phase. Cost targets must be established early and used to drive

V'3, Ladcoffs inr prceduct and process design. Design concepts that optimize across
the nhix ofmiii:,%iles for production in multi-missile factories, and concepts that
make 'CW;.uu"VC u 14, of Comminercial parts, can achieve, large reductions in cost.

The manta'acturing enterprir~e systems tfuji nuprport IPPD and flexible
trzunufacturirog arc another source of high leverage. Information technology
and fletVA~kts are important cnabkcrs for the MIT? process, the flexible factory

7, ~floor. and the enterpri~.-, func-tions that drive overhead costs.

Radical 1hanges in the co.,A-yuanti'y relationship will not result from
irchriology alone'. New busiriesý practices based on the concepts of lean and

;emanufacturing need to be: aw'opted by both missile contractors and
government c~xstoiner~..

Thle studies estinoated t savings of' 25-50% in both developmnict time and
-iccquijitic cost are achievable through these ..trategies.

&9M'AN
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How can we reduce unit costs by 25-50%? First of ail, we need to understand
what drives cost in today's missile manufacturing approach.

In terms of missile subsystems, 60-70% of the recurring cost is in the seeker
and guidance and control (G&C) components. The seeker/G&C sections are
also the dominant factors in development and suppert costs. Therefore, a
major area of focus in AM3 will be on the seeker an),d G&C portion of the
Ao roduct.

In terms of cost categories, about half of the product cost is in material, i.e..
purchased components from suppliers. The rest of the costs are accrued at die
prime contactor lev,-l. Only 15% of the cost is labor at the prime contractor
level, and the balance is overhead and facility cost. It should be noted,
however, that the first tier suppliers have a similar breakdown of labor,
material and overhead. 'I hat is of the 50% of supplier cost, about a third is
overhead. Counting both pritme aud subtier contractors, overhead costs account
for more than half ot the total product cost. T-he icmsmge ia that overhead costs
and supplier interface costs need to be major targets in the AM3 program-

. ..



AI-

JOver the past decade a number of leading U.S. firms havaopenw
manufacturing approaches and acheived significanit reduction of product cycle

TV and costs, as well as improvements in quality. Future missile production costs
however must be even lower still. Both iadustry and governement are working
together on several fronts to continue to find significant cost reductions.
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The near term schedule is shown in this chart. The draft Broad Agency
Announcement (BAA) was released for industry comment in mid-October.
The final solicitation will be issued in mid-November. ARPA anticipates
broad interest from missile prime contractors and their suppliers, and from the
vendors of engineering and manufacturing systems technology. A further
opportunity for tools and technology development will come in 1996 in a
parallel BAA. I encourage all of you to investigate the opportunities offered
by this important program.
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Management of the AM3 program will be guided by an ARPA/'ri-Service
steering group that includes representation from the Service ManTech directors
and missile Program Executive Officers.

Progress will be reviewed by this steeriag group, with input from an industry
review group that includes both defense and commercial contractor.
Month-to-month management of the program will be conducted by an multi-
disciplinary management team that provides government representatives with
skills across the full spectrum of technical and business areas proposed by the1ii AM3 contractors. This team will engage with tie AM3 IPPD process.
Contract administration will be pertformed by Army, Navy and Air Force
oftices acwing as ARJPA's agents.

Ii i
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K In summuary, AM3 off~rs an important new opportunity for both DoD and
industry. it as he poen tia to se the direction for te future of an entire
industrial sector. To succeed, the program must have the participation of
vword class entEiprise teams -- not just primes, but suppliers and
subcontractors.

I encourage you Wo review the BAA and consider participating in this program.
To get raore information, send email to the address listed on this slide with the
word "help"' (no quotes) in the body of the message. You will receive
instruction,% for getting infe by email on AM3 and several othier active ARPA
soliciati ons.



This briefing will cover the acquisition and business pract ices of the Tier 11
Plu Hih ilttue E~dr~uceUnniavined Aerial Vehicle Isrogramn. The High

Altitude Enduran.ce (HAE) Unmanned Aerial Vehicle (UAV) programn is a

Deftense Airborne Reconnaissance COffiice (DARO) jittitiutive to achieve

significant nihitary reconnaissance capbility for a fixed, pre determnined, unit
flyaway price (UFP) of $I OM (in FY 94$).

... I
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The briefing outline is as shown. I will give a system overview to shuw what

we are trying to do and then cover the program and acquisition stra~tegy.



The H-AE UAV syste-m will provide rapid response, world wide
reconnaissance coverage that is under the direct control and tasking of the Joint
Forces Comminander. The HAE UAV system will be capable of sustained, high
altitude surveillance and reconnaissance under all weather conditions at uip to a
3,000 rim radius of action. flue system will provide near real-time all weather,
day/night high resolution imagery to operational commnanders. The radar and
EQ/IR data will be transnite to current and planned image exploitation and
dissemnination equipment (i.e., JSIPS, CARS, Enhanced Tactical Radar
Correlator (ETRAC), etc.) which will enhance battlefield situational awareness
and provide near real-time intelligence and targeting informaiion. Theser capabilities will provide JTF Commnanders with accurate targeting, timely data
on enemy terrain, infrastructure, force conicenirations, enemy offensive and
defensive positions, deception postures and combat assessment necessaiy for
planning theater campaigns and major operations. At a cost of $ 10 Million
unit flyaway price, which includes air vehicle and sensors, this represents an
economical, unmnanned reconnaissance asset which can stand the risk of being
sent into enemy airspace.
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We have two primary objective: To demonstrate an affordable reconnaissance
capability for the Joint Force Commander (JFC) that will provide the JFC with
timely high quality imagery intelligence products in exploitable form.

In addition, the HAE UAV business strategy represents a radical depa'ture
from the standard approach to acquisition. Using ARPA's recently granted
"Other Agreement Authority", the HAE-UAV Program is streamlining
development by maximizing the use of commerical practices and strandards,
integrated government and contractor development, terams as well as off-the-
shelf components and having a firm design to cost requirement..

A primary management approach of the HAE-UAV ACTD MP is to introduce
a paradigm shift in the advanced development process and to avoid excessive
rigidity and formality in the process. The HAE UAV ACTD) management
approach is structured to: Foster an Environment of Teamwork and Trust
Betweeti Industry, the Program Office, and the Warfighter; Emphasize New
and Innovative Ways of Doing Business; Focus on What We Want - Not How
to Do It.; Use Commercial Business Practices; Maximize Use of Commercial
Technology and Industrial Base; Make the User the Part of the Team from the
Outset; Involve the User in Up Front Design and Development through
Simulation and Analysis mid Adopt Integrated Product Development.

Li-"
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The objective of the program is to develop a high altitude (65,000 ft)
unmanned aerial vehicle capable of 24 hr endurance at long range (3000
nm). The primary reason for the high altitude is survivability but this also
allows flight above most manned aircraft and weather and gives better
sensor coverage range. The combination of long endurance, long range and
reliable operation allows a fleet size of 4 vehicles to provide continuous
coverage of a crises area from a reasonable number of world-wide bases.
The UAV is an automatic reconnaissance platform whose initial payload is
high resolution radar and electro-optical (visible and infra-red) imagery
sensors which are processed and communicated in real time via satcom
wideband communications to a ground station. The ground station plans and
controls the vehicle and sensors, interfaces with theater military operational
forces for tasking instructions, formats the imagery and disseminates it in
real time to imagery analysis and exploitation systems. Through the ground
station, the theater commander has direct control of the system and first look
at the product.

d _
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Each HAE UAV system will be comprised of an Airborne Element (air
vehicles with sensors, avionics, Line of Sight (LOS) and Satellite
Communications (SATCOM) data links, and data storage), a ground system
consisting of a Launch and Recovery Element (LRE) and a Mission Control
Element (MCE), and a Support Element. The LRE will be designed to
prepare, launch and recover the air vehicles while the MCE will be designed to
mission plan, dynamically retask the air vehicles, and process, store and/or
disseminate data as tasked. Processing eiid exploitation is to be accomplished
by existing and planned DoD systems/installations such as the Joint Service
Imagery Processing System (JSIPS), Contingency Airborne Reconnaissance
System (CARS), Modem Intelligence Exploitation System (MIES), Joint
Intelligence Centers (JICs), and Naval Processing Intelligence Centers
(NPIC0:.
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The Tier Ii + program is truly different in that we have only on,-
requirement and that is a $ 1OM Unit Flyaway Price. The focus of the entire
program is to get as much reconnaissance capability as we can for a $10M air
vehicle UFP.

In doing this, we have taken a phased approach to the entire acquisition. In
phase I of the program, three to five contractors will perform studies and analysis
to refine designs which we will take into engineering development and flight test
in Phase II. At the completion of Phase II a single contractor will build a number
of prototype demonstration vehicles and 2 ground systems and. conduct a two year
operational dernonstratiop. After that a final production decision would be made.

We are attempting to maintain competition for as long as possible. The
contractors from Phase I will be paired down to two contractors fot Phase II. This
gives us a look at the system in operation in a competitive environment well
before a production decision is made.

Broad contracting authority has been granted to ARPA by the Congress to
modify our business practices with what is termed "other transactions authority"
under Section 845 of the 1993 Defense Authorization Act. This authority permits
us to deviate from the Federal Acquisition Regulations, create new and innovative
ways of doing business and make our programs more attractive to conrnercial
suppliers. Consequently, we have structured an agreement with the industry
instead of a classical DoD contract.

This authority has also allowed us to place a strong emphasis on the use of
commercial off the shelf technology (COTS) and equipment. We are trying to
encourage industry at. eve•y turn in the program to use commercial practices and
bring commercial equipment into the DoD sector. We will look at this r'ommercial
equipment and the total system for several years of demonstration in the
environment in which it will have to operate. This concept is what we term
operate before buy.



It may sound repetitious but I really want to emphasize this first point eigain, this
program is dedicated to getting the most military utility that it can Zor $10M UFP. In doing this
we are utilizing new simulation and modeling techniques which will guide the program. These
new simulations are developed for the ARPA War Breaker program and will permit us and our
users to better understand the systems that we have in development. I mention our users
because they are a very active and integral part of the development of the Tier IN+ system.

Presently, the user are concentrating on ptioritizing, their requirements and developing our
concepts of operation.

We put all of our objectives in a new form of RFP which we simply entitled a
solicitation. This solicitation was very smnll and the proposal that accompanied it was
extremely page limited. I'll discuss thede hn greater detail in just a minute. The point I'd like
to make now is that we have focused the solicitation on the products of the program wild so did

the contractor: with their proposals. We also concentrated our source selection on the

agreement with which we will run the program.

We eliminated the classical CDRL and substituted in its place a tracking system which

covers cost, schedule, and performance and interactively delivers data to the government and
the contractor. Our objectve here is to use the same data in the same format that our
contractors are using. We are trying to develop insight into the efforts of our coatractor
associates rather than performing a classical oversight role.

We have also inserted into the agreement an irrevocable offer to buy the first 10
[ production air vehicles at the lOM UFP. This offer will take affect at the end of Phase II.

The key implementing feature or our acquisition strategy is the Integrated Management
Framework which we have employed throughout all of our documentation. This framework
allows us to link our technical objectives to our cost performance and organize the program
around its products.

Fo
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The System Capabilides Document (SCD) shows all of our contractors what the objectives
of the government are. These are broken out and stratified across the products of the program such
as the air vehicle, ground segment, etc. These are performance / functional objectives. We are not
telling our contractors how to do things, we're telling them how we want our products to perform.
E ach one of the offerois responded to us with a preliminary system specification which shows how
their system meets our program goals. Throughout the program we will refine this preliminary
system specification until we select a single contractor and adopt their system specification as cur
own.

We also provided the contractors with our view of how the program should be organized.
We did this through a work outline and asked them to put a single numbering system with it. This
single numbering system (which traditionally is called a Work Breakdown Structure) simplifies
tracking and let, us see the relationship of every element of the program. We will also organize
around the products highlighted in the work outline. The Task Description Document (TD7))
whi,': is very similar to a statement of work, permits, for the first time, the contractors to tell the
government what they are going to do to meet the goals contained with in the SCD. This is a
greatly simplified level iwo document which alleviates many of the burdens classically found in a
foimal SOW.

The corner stone of our entire program is our Integrated Master Plan (IMP). This single
integrated plan uses the numbering system from the work outline and is focused on the goals of the
SCD. it is prepared by the contractors and lays out the process that will be used to produce the
products of the program. Consequently the IMP is divided into product and process sections. The
product plan is a simple event based plan designed to show us the c¢iiical path or core program'.
T-his product plan lays out the events, all of the tasks that must be done to reach that event and tie
criteria by which we will judge successful accomplishment of tbat task by the event. The process
plan represents a fundamental and binding agreement on what processes will be used and how
they willibe applied to the program. The IMP is mal attachianent to die agreement and as such an

integial part of it.
The last feature of our Integrated Management Framework has pe,-rmitted us to eliminate the

classical CDRL in our tracking system. Utilizing contractor tbemats we have called for a single
Integrated Master Schedule (IMS) which is tied directly to the Integrated Master Plan. The
Inegrated Master Schedule assigns time to the tasks and criteria of the, IMP and provides lower
level program details. Tied to the scýhedule is a very robust set of Technical Performante
Measures (TPM) which will show us how we stand in relation of the accomplishment of our

performance goals. Also tied to the schedule will be an earned value systein which will be
developed during Phase I and will tie the cost to our schedule and our perfornance objectives.
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This slide illustrates the Integrated Management Framework that I've
been discussing. As you can see our program objectives are specified in our
SCD and utilize the same numbering system that we developed for our work
outline. This allows the contractor to provide us with general tasking and then
more detail in the IMP. All ol this is then integrated into our master schedule
and ance time based permits us to develop an earned value management
system, a teclhical performance management system, and other tools to track
the program.
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Integrated Management Framework

- This chart illustrates the working relationships of the Integrated
Management Framework. We have structured and related all of our
documentation through the use of the single numbering system and a Single
work outline, Once we have time based this system we can look at our cost

accontsanddevse orkpackages, assign our budget and develop an earned
v alue management system. Ali of this data will be contained within a common
data base which both the government and the contractor will have access to.
Together we will then perform our analysis of the. program and develop a

common understanding.
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I previously explained the concept behind Common Grid. The question is,
have we any quantification of the benefit?

First, better target geolocation enabled by added GPS/INS accuracy allows less
complex seeker and processing capabilities on a weapon. Examples:

-Decreased field of view

-Decreased range

-Simplified signal processing algorithms

The benefits of reduced circular-enror-probable numbers are shown on the next
chart.
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We are truly attempting to run this program in an entirely different
.7 paradigm. We want the Tier 11+ to be like a lean commercial enterprise. This

applies to our process and to our people. The government program office will
be deliberately kept to a small and very experienced group of people who are
capable of utilizing commercial producl- and translating them into the needs of
other government agencies. We are truly encouraging innovation in all of our
processes. There is virtually nothing "standard" about the Tier 11+ program.

I think that you can see the attitude that we are pursuing in this program
is truly different. We have but one requirement-$10M UFP. We have focused
our program on our products and integrated our organization and
documentation and in fact everything we do around these products. This has
allowed us, through the Integrated Management Framework, to achieve a level
of integration that is truly unprecedented. We can trace each one of our
program goals directly to the people that work on the rogram. This fosters
empowennent and a great deal of organizational loy y and discipline.

AN
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When you have a program that is as highly integrated as ours you can
give industry more freedom. Consequently the level of detail at which we will
operate wiil be much higher than in classical programs. For example, we have
only provided 2 Mil Specs in the entire solicitation and these were done for
reference only. We have tailored all of our management systems and data
requirements to the Integrated Product Development philosophy and the lean
small offize that we wanted to maintain.

... .... .



This is w:nt we have accomplished so far. We have issued what we
believe as the smallest RFP to come out of a DoD agency since the close of

World' Vai II. The solicitation is 67 pages loig and includes o'ir model
agreemenL. In response to that, we received 14 excellent proposals.
Discussions on our draft solicitation all indicated that our offerers understood
what we wanted and were encouraged by our approach. The proposals were
limited to 200 pages and the government evaluators universally responded that
the IMP and the Integrated Management Framework provided a better
integrated and more complete picture of the entire program than they have
been able to achieve in previous source selections.

W.,
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- ~In summary, we believe that through our "~Other Transaction" Authority
and our Integrated Product Developmenkt imple~mem ation that we are pursuing

4 a new acquisition management paradigm which holds great potential for the
Department. We are truly freeing industry to provide us their good ideas in a

4 commercial environment. Our incremental acquisition strategy allows us to
carefully examine our requirements and to cancel the program if it either
begins to cost too much or shows marginal utility to our users. Our operate
before buy philosophy allows us to truly examdine this system before we make

-;6 1any final production decisions.
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In 1991, the DoD ManTech program sponsored an industry-led study to
develop a vision for 21st Century Manufacturing. The group forecasted an
"environment where competitive advantage is won by manufacturing
enterprises that are able to thrive in an environment of continuous,
unanticipated change. The group coined the term "Agile Manufacturing" to
describe this new paradigm. The study report was widely circulated . gained
strong support in industry and in the Congress, and became the basis for
ARPA's Agile Manufacturing program and related efforts in National Science
Foundation, Department of Energy and other agencies.



The concept of "agility" tends to be confused wi th "flexible manufacturing" or
"lepan manufacturing". Rather than drawing sharp semantic distinctions, it i~s
most useful to consider all three terms to be descriptive of world class
manufacturing enterprises. The aspects emphasized by "lean", as defined in
the MIT study of the automotive industry*, are primarily connected with
eliminating waste and reducing costs. Some of the same enterprise
characteristics affect niot only cost, but also adaptability to change as
emphasized by "agility". Hence there lis considerable common ground
between lean and agile paradigms.

*Ihe Machine Itht Ch ned te Wor (Won-ack, Jones and Roos, 1990)



A key concept in the vision of agile manufacturing is the "virtual enterprise".
This is a business enterprise whose operating units are chosen to fit a pi)-ticular
market opportunity, linked by computer networks a~nd capable of functioning
as an integrated whole to respond rapidly to mueet customer needs.
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I DoD) wil)l benefit as Agile Manuffacturiag concepts are implemented in both
goverInnient and industry. Agile firins in the industrial base will be able to
respond to market demands for both defense and commercial items. As a
result, weapon system components wiIIJ bvcomke more atfoi~dable, will be
available in a shortler period of time and will have "world class" quality . The
ability to thrive on unanticipated change is an important characteristic for the

t future i-obust industrial base that can ineet military contingencies.
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The Agile Manufacturing program was launched as a joint NSF and ARPA
initiative in 1993. The initial elements of the program included (1) an
industry forum (the AMEF) to continue development of agile manufacturing
concepts, best practices and benchmarks, (2) university/industry rescaich
institutes in key industrial sectors (electronics, aerospace, and machine tools),
and (3) am enterprise integration network to prototype agile manufacturing
applications on the information highway.

In 1994, the progiam was expanded to include demonstrations and pilot
programs in the three areas shown on this chart.

Each of these components of the Agile Manufacturing program is described in
the next few charts.
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This defines the goals and objectives of agile business practices, one of the
areas for which proposals were requested in the Agile Manufacturing BAA
94-31.
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rj~ The second technical area in the Agile Manufacturing BAA is Enabling

Technology. ARPA focused specifically on applying in the business
Alai environment technology of the sort used for battlefield C31.
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The program structure for AM3 starts wiL) a 1995 coi cept definition phase.
Four awards are anticipated to companies or teamis of companies. Awards will
be based on) innovative proposals for reducing the cost of a target mix of
missiles that constitutes an important subset of the total DoD portfolio. This
phase will result in studies that refine the concepts proposed for reducing costs,
design the enterprise processes and systems to support the new concepts, and
design validation experiments for Phase 2. The concept dlefinition phase will
also identify gaps in tools and technology that become the candidates f-or a
parallel solicitation in 1996.

Phase 2, Concept Validation, will demonstiate the AM3 concepts in design
exercises, manufacturing of components, simulations and business process
experiments. Empirical data from these validation exercises will be used to
support estimates of the effect on the cost of the target missile mix, and will be
th,- basis for down selecting to two pilot multi-missile manufacturing
enterprises.

Phase 3 will implement the new concepts, systems and technology within two
"pilot enterprise.-I", each comprised of the prime contractor and suppliers
involved in the target missile mix. This phase will be cost shared. The pilot
enterprises will implement the new concepts in actual missile development!
product improvemnent and production. Innovative acquisition approaches will
be implemented using il.JIAAs "Other Agreement" authority as required.
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hIonically, thu oldest large manufacturing industry in the united stxatus is in jeopardy.

With the cold war over and the resulting niilitai-y downsizing, navy ship construction is not
enough to sustain the shipbuilding segment of the defense industrial base. This means that the
shipbuilding industry must be maintained through a combination of military and commercial
construction.

The difficulty with this strategy is that the united states has been out of the international
commercial market for a generation-and has no market share in international commercial
shipbuilding.

Further, because u.S. Shipyards have been focused on the navy and protected domestic
markets, u.S. Yards are out of touch with potential international customers and their
international competition.

The U.S. shipbuilding industry must relearn how to build and sell commercial ships-
competitively--in the international market.

This situation has beec view ed with some alarm by the shipbuilding industry, as well as
president clinton and members of the congress-and lavt year, they determined that action on a
national scale was required.

Shipbuilding is a key element of the defense industrial base ... its success benefits the
economy as well as national security.

Without a strong shipbuilding industry, the industrial base is jeopardized, as is our status as a
maritime nation.

Fortunately, there are projections for an international market that U.S. shipbuilders can
participate in--if they can become more competitive.

On October 1, 1993, the President submitted a plac to Congress, entitled "Strengthening
America's Shipyards: a Plan for Competing in the International Market."

His plan consists of five parts:
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The first is ensuring fair international competition-in this regard, the u.S. Government has
participated in the oced negotiations to level the international playing field by eliminating
foreign subsidies. These talks were completed in paris this summer. The agreement will most
likely be ratified this fall.

The second is eliminating unnecessary regulations-all u.S. Govemment agencies are
reviewing regulations that impose unnecessary burdens on the u.S. Shipbuilding industry.
Major activities include acquisition reform within the department of defense, adoption of
international construction standards by the u.S. Coast guard, and updating the regulations of
the occupational safety and health administration.

Tthe third is assisting international marketing efforts--the departments of cormmerce,
transportation, and state have all begun coordination of activities among their departments to
promote the sale of u.S.-Built ships around the world.

The fourth purt is financing ship sales through government-backed loan guarantees-the
maritime administration has recently publish-d regulations permitting government backed loan
guarantees for shipyard modernization and, very significantly, for export sales of ships. This is
very important as shipyards try to transition to focus on commercial customers. Because U.S.
shipyards have not been in commercial ship construction, they do not have a proven track
record, and banks have been most reluctant to finance their construction efforts. The
government backing with title xi loan guarantees will make it easier for the yards to attract
financing. I want to clarify that these funds are not grants, but represent u.S. Government
guarantees of commercial bank loans.

Lastly-the fifth piece of the president's plan and the program i will now speak about-is
maritech--a $220 million, 5-year technology development program for improving u.S.
Shipbuilding commercial competitiveness. We hope that, by applying advanced technologies
and processes, maritech will help develop and improve the nation's commercial shipbuilding
and repair capabilities and thereby hell) maintain and improve military ship repair and
construction capabilities. If successful, we will have helped to create a self-sustained
commercial shipbuilding infrastructure which will be available for defense mobilization
contingencies and capable of building military ships more efficiently arnd cost effectively.
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Shipyards Must Take Responsibility for All Aspects
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With the Na-vy as their primary customer over the past 15 years, U.S. shipyards were typically
only iinvo~v-d in the detailed design and con!ýruction aspects of shipbuilding. They had little
or no involvement in the development of the ship in the early design stages. The U.S. Navy
was in charge of defining ship requirements, and the emphasis wa% on ship perfonnance, not
ship producibility, and cost effective production.

To be competitive in a coimercial market, american shipyards must accept responsibility for
all aspects of th e shipbrilding process: marketing-paoduct development-sdetailed design and
planning--and construction and follow-on support. The development and integration of ship
and shipbuilding technologies planned in this program will address the entire shipbuilding
praess--anch will assist shipyards to make the required fundamental changes in each nrocess
step.

Mari tech Zechno logy development will o.,cur in two integrated phases. The initial phase will
be to master the basics of commercial shipbuilding by developing competitive products and
processes t enter the international market in the near terd. The second phase is to provide a
national infrastructure dedicated to continuous shipbuilding product and process improvement
over the long term.

Whil U.S. shipyards have been out of the commercial shipbuilding business, their foreign
competition has not stood still. Foreign yards around the wotld have built thousands of
commercial ships in the last dozen years-and they have continued to develop and evolve
hundreds of state-of-the-art designs for many classes of ships, specified for many different
mtarkets.

Coincident with their product development, foreign yards have continued to improve and
perfect their marketing, design, and production processes. Thh i U.S. shipbuilding industry is
not able to match this effort today. The administtration's 5-part plai calls for 220 million
dollars over five years for maritech to accelerate technology transfer and process change to
assist u.S. Shipyards to first catch up and thenm surpass their foreign competition.

rhe funding. by law, must be cost shared by industry dollar for dollar-the cost-sharing will
abide by the OECD guidelines when they are finally signed.
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The Maritech program approach has four objectives:

The first objective is to apply existing technologies to develop new products
and improve processes. Stated another way, to help U.S. yar'ds learn the basics
of international commercial shipbuilding. This effort will develop ship designs
to be marketed internationally-and the improved build strategies and
processes to build these ships competitively;

The second objective is to connect the shipbuilding community via a national
computer network of shipyards-- suppliers--shipowners/operators--
financiers-- technologists--and pertinent government agencies. The initial
intent of this network is to facilitate conmunication and technology transfer;

The third objective is to focus governtnent resources so that the various
government programs among the mhltiple departments and agencies can be

coordinated and leveraged to better support our goals.

And, finally, the fourth objective, to develop advanced technologies which will
an help us build better ships more efficiently than anybody in the world, and
thereby help us stay competitive.

Th eodojciei ocnette hpuligcmuiyvaantoa
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Implementing Agile Manufacturing will lead tc a stronger, more competitive
-~ industrial base and reduced costs to DoD. There are continued opportunities

for participation in this program in FTY 1995. Further information is available
by sending emnail to baa-info@,arpa~mil.
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Good m~orning

My name is Bob Schaffran. I work in ARPA's maritime systems technology
-fne adIa the manager of ARPA's Maritech program.

It is a pleasure to be here in San~ Frarcisc-o to participate in the ARPA
Symposium. This is especially so, because it offers an opportunity to discuss
Maritech-a programn initiated by President Clinzon, for applying technology
to improve the initernational competitiveness of the U.S. sihipbuilding industry.

Shipbuilding is significant-to the U.S. as it is to all maritime niations--and
vitat to our national security.

Our industry's roots date back to lite dawn cf the industrial revolution well
over 200 years ago,



"The last technical area in the BAA is Agile Manufacturing Pilots. These
programs will demonstrate the combined effects of advanced technology and
advanced business practices in important industfial sectors. T-he pilots are dual
use manufacturing demonsdnations, and are cost shared using the same
approach as the Technology Reinvestment Project. The pilots are viewed as
agents of shange fur both DoD and industry.



'The AMEF provides a forum for five groups of inhdustry and acadcem~ic
patticipant~s to develop the intcllectual underpinnings of agile manufactaring.
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The primary thrust of the near-temi program is commercial market penetration within the next
three years. To sell ships on the international market, U.S. shipyards must be ready with
prod~icts to sell at competitive prices. To achieve this, U.S. yards must be proactive in
developing and marketing innovative, competitive designs that can be built quickly at a
competitive cost.

U.S. yards must analyze the markets--identify potential mirl,-et niches-develop innovative,
customer oriented ship designs-and develop design and construction processes for these
products that will allow for competitive build cycles and competitive costs.

Since the U.S. Has 1 en out of the comnmercial market for so long, we cxpect some of the
technology-particularly process technology-to be imported--and certainly some, from japan)
and europe.

We have asked the shipbuilding industry to compete for maritech funds on a cost-share basis to
assist in these development initiatives. We have also asked the yards to form teams with
customers, suppliers, and technologists in order to develop a total systems approach.

[2• ,~Funds art being award.d to the teams most effective in identifying a rea market need-an
innovative design concept to service that market-and a competitive approach for the detailed
design and construction process that could be implemented in the next 2 to 3 years. This year,
20 teams have been sclected to develop new comniercial ship designs and build strategies for
the international market.

Although we were n)t aware of this when we initiated the project effort, i am told that japan
took a similar approach with its shipbuilding industry in the early 1960s, and they went on to
become the dominant shipbuilders in the w 9rld for the past 20 years.
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Because U.S. yards have traditionally competed against each other for navy
ship contracts or joncs act ships, tluvy have naturally built up walls to
comnmunicationls among timm1 sclvk j. One of the goals of inaritech is to break
down these walls and encourage coopeiration and wrchnology exchange.

ARPA has begun the, ficilitation of industry cooperation through development
of a national cormmunications network.--the national shipbuilding net.

Nsnect will eventually electroui'2lly link shipyards, suppliers, prospective ship4 ~owner~Ioperators, and technologists-including universities and trade
schools-o a variety of shipbailding subjocts, ranging fromu marketing Wo
financing to technology.
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An important. ingredient to the ultimate success of the industry, and something
that has begun to happen-is coordination within the government.

In that spirit, niaritech will make a concerted effort to ensure that the
government focuses its existing programis on shipbuilding in a complementary
fashion.

The President identified numerous agencies that should assist the Shipbuilding
industry in its quest for international competitiveness. I have listed soule of
themr here.

To faciiita'te coordination aniong these agencies, ARPA has established a
maritech progia ofice with faiof acilitie-s for a co-located interagency/industry
staff.

Government staff positions ý.rc currently Filled by ARPA representatives andI

representative,, from the maritime administration and the navy.

It is ARPA's intention that miaritech be a catalyst amnong these agencies to
apply their respective p)rogiams, facilities, and expertise in mutually productive
ways for the benefit of U.S. shipbuilding.



Lastly, for today's discussion, but foremost in our Maritech efforts, we are
investigating and planning the development of advanced process and product
technologies that will allow the U.S. shipbuilding industry to sustain a
competitive position in international shipbuilding, conversion, and repair into
the next century.

Let me discuss some of the technologies that we plan to pursue that will help
us achieve our vision at each step in the process.
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All yards must be aggressive in their pursuit of markets. They must proactively
pursue domestic and international opportunities with continuous market
analysis to understand customer needs and then capitalize on their knowledge
with customer responsive product lines.

Our goal is that these product lines must be conveyable to customers with
rapid or real-time ship model simulation and visualization technology through
on-line customer communication links. Our current thou,$h%, are to establish an
international communications network fed from a nuwional database of designs
that would allow customers to have their requirements fed into the product
development process in real time.
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In the product developmenct airea we niust be betCeeo ocpulsi

designs in rapid response to) customer requirements or for pursuit of anticipated

We pan o wok cosel wih oter RPAinitiatives to deVLlOp an advanced
simulation-based design systemi that will incorporate all operational
characteristics of the product, fromn computational fluid dynamics of tile hull
forin to the de-tailed design and production planning functions of the shipyard.
Customer requirements should he able to be incorporated in a ship product
model under development in real time with the participation of the customer.

L I Digital data will be accumulated fromn a pie-approved slippliers' database, and
the produciion-oriented build strategiies offth-e Lshipyard will. be incorp irated in,
the database to support design and productiomn tradeoffis and decision making.

Am-.
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If successful, the miajority of the production planning will be completed during
the product development process. However, the simulation-based design
system will include tie ability to simulate the construction process-in
essence, provide the capability to preconstruct the shipj on the computer and
thereby allow us to continually optimize die process during the detail design
and construction planning phiase. Oni-line conumunication with pre-approved
suppliers will assure rapid cost analysis and reduced inventory. 'The goal is to
dramatically shorten dhe time from contract award to start of construction and

miiiiniize, if ziot eliminate design changes after the contract is signed.
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Our gal for construction is to build the ship as quickly and as cost effectively
as anybody in the world. We must develop designs and production processes
which facilitate the fabrication, assembly, installation, and test of repetitive
structures, systems, and equipments. This, in turn, would facilitate a high
degree of automation, pre-erection testing of fully outfitted ship sections, and
dramatic increases in throughput. Development of a national computer
integrated enterprise to accommodate agile manufacturing as well as advanced
technologies in measurement, cutting, welding, painting, and process analysis
underpinned with product-oriented build strategies will lead to efficient one-of-
a-kind production of ships with construction times significantly under 12
tronths.

tK I
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Thie Agile Manufacturing Network creates virtual factories, companies, etc.
through electronic information in the areas of ,applicationis, services and
bitways . Shop floors linked by the mianufactuiing network can share parts and
engineering designs and rapidly build aa;ew uii.i or modify an old system at
reduced cost and less timec.



Much of out efforts in product design and construction would be for naught if
the shipbuilding industry does not include cradle to grave product guarantees
and maintenance agreementsL among shipbuilders, ship owners, and ship
repairers.

Such guarantees should be planned by the construction yards and included in
their marketing efforts. Shipboard maintenance monitoring systems should be
enhanced with w',rld-widc communications networks for maintenance and
repair assistance. 'Die ability to transmit video, audio, and data real-tim~e in a
mainteniajce or casualty' scenario among the ship at sea, the repair yard, and
guarantor would enhance ship operations and bring a significant dimension to
a construction yard's sales package.

Mý An addition , we must also nurture advanced Ship repair technologies that
preserve and protect the environment. Advances in blasting, painting, cutting,
and welding that are safe to personnel and efficient to use with no impact to the
atmosphere, ground, or water are essential and will be pursued.
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Another important objective of this long-term program is to put in place a
national infrastructure that is focused on maritime technology development.

The objective is to ensure the long-term viability and growth of the industry
through continuous product and process improvement in commercial and
military ship design and construction.

One concept we are investigating is the establishment of a national or possibly
several regional maritime technology centers where industry, government, and
academia could collaborate and cooperate in a variety of areas from technology
development to education & training.

-" - -
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I would like to conclude with our vision of an international computer
integrated enterprise.--a composite of a visualized global marketplace
characterized by rapidl, if not real-time, com~munfication of information--m
vuiec, video, and actual product data amnong all aspects of the maritime
industry. We should begin to make such a vision a reality for the shipbuilding
industry.
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If maritech is successful--and we believe we are off to a good start-we

expect to have an improved u.S. Shipbuilding industry---one that is
internationally competitive.

Within 3 to 5 years, we hopefully will have designed. built, and sold products
competitively using improved, efficient shipbuilding processes.

We will have !earned valuable lessons that can be applied to military vessel
acquisition and construction processes and we will have a model for
goveinment and industry cooperation.

We will be well on our way in the development of advanced technologies that
will result in diamatic improvc ments to the indust•ry.

And, most importantly, we will have a national infrastructure in place to
support continuous product and process improvement and maintain a key
elemrent of the defense industrial base.



7 7,

There are two mar'tech baas currently on the street which may be of interest to
some of you.

baa 94-44 (shipbuilding process and/or product techaology development) was
published in the cbd on september 14, 1994, requesting projects from discrete
technology developments which could have wide application for improving
either the process of designing and/or building a ship or the performance of the
ship/product.

baa 95-02 (near term technology application) was published in the cbd on
october 5, 1994, and is similar to last year's baa and asks fIo total ship design
concepts which have potential for near-term entry into the international
commercial marketplace.

'That concludes my remarks. Thank you.

vi



* �-�*9�' I-

4

¼

A

4

114



r'C

a. . o'

to.",

'Alu



rfECHN~OLOGV AND SYSTEMS SOLUTION TO
THE~ TIMECIIA MRE PO

4~ SYSTLEUS LINGINE-ERINO '
AND EVALUM ION

Tile War Breaker Program, conceived in 1992, was in response tu the difficulty encountered
4 during the Gulf Waw in combating the mnobile missile threat. This threat was highly publicized in

the press by accounts of the "Scud" missile shots, from Iraq that promipte fear and consternation
oin Saudi Arabia and israel 'luring tie conflict. Technology to combat such time critical targets
(TCfs) promiptedA ma or attention in the research and development field, a field lung driven by
concernls of Global Cold War. However, time critical targets have since taken on flew mecaninigs in
Bosnia anid Nux-th Korea since the Gulf War. Artillery, winks, rocket launchers, mnobile coinnianad

" A ~ posts, and any oither time critical targets can and do pose major concernis in conflicts, world wide.

The Advanced Rese.-arcli Projects Agency (ARPA) initiated the War Breaker effort for two
specific purposes: 1) to address Lthe full cycle of sensor-to-shooter infonmation control anid
management with heavy cinphasis on providing the tactical commander necessary information to
prosecute time-crifical. targets; anid 2) to make affordable systems by conducting systenis trade
analysis in the theate-r of batylc domtain. If technology insertion is considered at the individual
system level, then each system is c.ssentially diefined as independenmt from other systenis. In fact,
multiple systemis' dependenwcis do exiit and judicious technology insertion in specific systenis
results in mnore overall "value added" to the full systemns' capabilities at less overall cost. Domain
sconarios include the Joint Chieft, of Staff sanctioned nearly simultaneous Major Regional Crises
of North Korea invading South Korea and Iraq invading Kuwait; various counter prolifertio
situations, and other threats to national security.

The lprogralfl, currently funded at a nomiinal $120 million per year, is p~artitionled into three
major pieces f-or purposes of discussion anid nianagenient. Thle Intelligence anid Planning piece
investigates the enabling technologies necessary to correlate arid disseminate all-source
intelligence information to the commnander in a time constrained mnannier through automation and
conunand/control processes. Thle Surveillance anid Targeting piece investigates sensor
technologies and auitomnatic target detection/recognition algorithmn application to detect and
localize specific targets in 'cluttered" environments. Thle Systems Engineering anid Evaluation
piece of the program acts as the 'glue' or "heart" of the programl by providing asnalytical
determination of capability shortfaills anid war fighting utility/advantages within the current war
fighting posture, shortfalls requiring technology investment by ARPA for resolution.

This portion of die three War Breaker pres~entatmions will dwell onl the Systems E~ngineering and
"Ilk 17. valuation Aspect of the prograni.
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The level of knowledge that a tactical commander possesses of the battle
field directly dictates his ability to be an effective conumander and victor.
Given that he uses his superior knowledge to the maximum, the theoretical
optimal outcome could be the timely expenditure of only one weapon for eacht
target of interest. This "cost efficient war concept", of course, is also
dependent upon a cooperative enemy, technology superiority, or a host of other
conditions. Similarly, thec greater the level of systems' knowledge possessed by
the Government program manager and manufacturer in the acquisition domain,
the more likely the product will reflect a "build to print" approach, wherein the
print correctly portrays the user-required systent-ot-systenis design. Thie
concept seems clear enough but the process and analytical tool set necessary to
attain the knowledge, yet alone apply the knowledge has not been available in
the past. The War Breaker Systems Engineering and Evaluation process and
the analytical tool set are designed to bring this knowledge to the key playerswithin each domain, knowledge based on nianin-the-loop service involvement

throughiout the entiire evolution., K,.nowl..,ge, in this context, mean1ls direct
access to an affordable, effective, systems of systems capable of meeting the
Service users' needs.

! I4M 
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Let us zoomi in onl the acquisitioni domain for a mnoment. Wach milestone
decision mnade in thle acquisition cycle is predicated upon nilanagecniit, budget,
schedule, and technical factors. All of these factors should be based upon thle
war fighters' needs to be effective in the theater of battle. Affordability is
knowledge driven aid product schedule dependent. Thle laws of physics and
eco~nomics do apply,
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* - What's niew in the process that distinguishes it from those in general use
today'? The analysis is conducted on the theater of battle level, not j ust at the
individual system level. The measure of effectiveness is in termis of targets
prosecuted, destroyed, or incapacitated. Thie analysis considers thle tactical
applications effect, the inter-dependencies of multiple systems in simultaneous
use, and the effectiveness of man-in-the-loop decisious in Winning wars.

Anything other than actual war is a simulation of war. Live simulation
involves actual wmr exer cises and training evolutiXns. Virtual reality
simulation is computer driven and involves inen in the leop. Constructive
simulation enlcomfpasses the rest of the simulation types. In order to gain the
level of knowledge necessary, all levels of simuiation conducted by the
services should be evalatd to identify war fighting deficiencies. Application
of thle Distributed Interac-tive Simulation encapsulate-d analytical tools being
developed by ARP-A allows sensitivity analysis for systems performance,
tactical ap~plication, and scenario excursions in order to better characterize thle
deticiuncies. It also involves Service involvement by application of Services

-' operators during inan-i n-the- loop evaluation.

M I'
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The process is brokeni down into -iret basic steps. The tactical
commnander's ability to perform his function revolves around thc capabilities of
the weapons systems available to him and tie manner in which h(-. tactically

emlos hm.l~auaoi f heefectiveniess of the current weapon systems
ini the theater of battle domain captures the interdependencies of all the
individual systems and the tactical application effects, if pruperly Simulated
and analyzed. Deficiencies in the war fighting capability are noted and
f uiictional requirements defined to correct same.

Doniain transformnation from the b~attle domain to the acquisition domaIn
results in functional specifications being defined from fu~nctional 1equiremlents

A found.

A survey of enabling technologies which could be app~lied to satisfy the
___ defined specifications is conducted and simulation based analysis is used to

performi trade studies for determination of the best design solution.

A'



Were we to take as sAlle viwo Phaeso acuisitio m' cyle we loul

[ categorize each programn into four basic pieces. 'The first two pieces are where
ARPA is heavily involved, the third piece isi thle trainsition of the systemn to theI" ~user Service or iion-Service customer, and the fourth encompasses all of the
remaining customer involvement, Application of thle Systems Engineering and
Evaluation process serves two broad purposes. T7he first is to directly support
the development of systems, and the second is to explore and perfect tactical
application of the system. Notice that a teed-back- loop exists wherein
application limitations of current systemis act as requiremuents drivers for
systemis in early stv.ges ol development.
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In keeping with die session themec of affortlabhe de-lense, the War Breaker Intelligence and
Planning (1&1') Thrust is tbCUSed onl cost-effe~ctive targetrig. Reconnaissanlce/strike
wechixology it; fast becorninig a lynichpni oiU.S. force projection, p~recision strike, iuid
coUnte 1)rolifera~tion capabilities, WAR BREAKER I&F supports the developmentu of this
criticak functionality hi an environment of declining R&D rind lprocuromnent dollars by utili-zingp
three basic approaches.

1. ~uid o an ehane scces:WAR BREAKER l&l' technology is producini

jul provenicrits iii selisr product processing, informnation fusion, and mission planning by
pr.duct imp~roving d-loe ysteins tat are key to prosecuting nime critical target,;. For
exaniplo:

JSTARS MTI' radar is augmeneitd by automated tauget recognition technology
(ATR) focused onl non-traditional applications such as% discerning entire eneiny units or activity
pattternis as oppoedl to) individual velhicles.

* ASAS correlation routines are strengthened by tracking algorithmns which greatly
I~mpail (the recap~ture envelope for inf'requently observed mobilc targeti;.

*TLAM, C's flexibility is increased using te-chnology that supports thle use of this
highly accurate weapon agdainst time sers-Itive and miobilo targets.

2. Provide automated systemisamld tools that till gaps left by personnel cuts;. The draw
down sparked by the end of the Cold War has stressed intelligence functions in general and
targeting-relateds spcialties in particular (e.g., imnageryaayttranaalss re fbtl
specialists, etc.). WAR BREAKER I&P technology is being developedl to replicate analytical
functions that are amendable to autonmation, thus freeing ever scarcer humian resources to
pursue analytical functions rallher than servicing time increasing ocean oif data that confronts the
""hinin ranks of into-lligence and targeting specialists.

... .3. Finally, we hold down developument cost via simulation and rapid prototyping desigined
to bring the user population into thle process from the s~tart, ,and we, aggiessively purmic
olplomlunities for early insertion and trwisfer of technology-a it matures at different rates
within thle WAR BRE"AKE'R system dlevel opm ent context.



This is a doeclopnientaL co;;stAructL we eimplohy to produce 1&P technolopy. The gkapjhic may
z"Alook like the leval of Dante's Infeiiw which houses. the sy-tem engineers, but the obj~ect is

quite:- straight forward and would be equally famiiliar to Ohiengis Kahn or Norman
Schwartzkopf: we wtiut to do it to the bad guys before they do it to us. The outputs flow fruin
this objective, and are m~atched to the subsystem boxes in the architecure.

I . Actionable Intelligence: Where is the enemiy and what are the threats enroute to his
location that endanger ow- strike systems? Trhe Intelligence Correlation (IQ) subsystem is
being devdoped to answer this question by automatically ingesting message traftic and raw
senior prodluct and producing acsries of target location probabilities in near real-time.

2. Distributed TCT' Awareness: A target's location in space and thime has difterent
meatting and urgency for different missios and different echelons, The Multiple Access
Intelligence and Noinimiition System (MAINS) supports a corrnnion Picture of 'iCr population
and status with resouIo appropriate to level of commnand.

3. Real-Time Battle Management; Intelligence and operati:)ns functionp, blend during the
prosecution of mobile targets with reconnaissance/strike technology. The Local Attack
Controllor ( AC) subsystemn executes the endgaine by enabling the rapid forination of
cooperative hunter-kill'es teams, composed of sensor and attack platforms available to
prosecute mnobile targets at any given time.

4. Sensor-Derived Maps: Cotidetiled, and accurate digital terrain underpins all
targeting efforts associated with hind warfare. The Teiruin and Feature Generationi (TFG)
subsystem is dlesigned to rapidly produce large areas of digital terrain ntilizing raw sensor data
as input.
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WAR BP7AKE"R I&P technology is being developed in a dual contest: as an
integratea system described on the previous graphic, and as a spin-off product
factory for stand-alone applications that address serious military requirements
shortfalls. The next two slides illustrate functionality modules that have been,
or can be, productized in the near and mid-term for military customers and
inserted into their intelligence and targeting ADP architectures. IC has
deployed garrison monitoring technology into Joint Intelligence Center (JIC)
environments, and conducted user technology assessments of imagery
understanding systems at several sites. TFG will provide digital terrain of the
Korean theater of operations as well as products f.) support CON US exercises
during FY95.
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The LAG has. fielded automated terrain analysis sof'tware in support of
CONUS mobIle ballistic missile targeting exercivs, MAINS has provided
targeting support tools to U.S, forces in Korea and Gerniany, and 21ts data base
mining technology is installed at several major U&S commnands. In the next
four graphics I will go down one level of detail on each of the major WAR
BRE AKER I&P subsysternis.
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Eachi c'11IoHmpoe of the Intelligence. Coirelation subsystem is designed to address the. automnationi of a key
A bottleneck in current targeting shortfalls.

1. Mesage Handling .Systemn (MI-IS): Thu translation of natural language int~o formal laiigulage enables
macninc piocessing or timea critical target (TCT) observations based originally on sensor product but found
in human. generated message traffic, Mi-S is aL najor udviumcenient, based onl the comnbiatntion of natural
langualiv processing and pattern matching, that is currently not cxttwIt inl deployed mlessage i-outing
Software

2. Singl, Intelligence lDisciplind Correlatois (SICORs) ingest the pnroduct of MIRS as well as parametric
data all,, machine processed sensor product (e.g., ATR output from the WAR BRI2AKE'R Surveilhusct: and
Targeting Thrust) wid reduce geographic and identiflkaion**relatcd ambiguity. This technologly is already
quite mnature. i, the area of electronic intelligence (LUNTI) correlutors, and we are integrating extant
capability ratker tluum developing another correlator. Ini areas such as iutomnated imagery understanding,

however, w. aue actively developing technology,

3. Multiple Intelligence Discipline Com-.lator (MICO(): SICOR product is subjected to further
uncertainty reduction via corr-elation across disciplines. Together the SICORs maid MICOR address the
bottleneck caused by sensor product ovcrloading a shi-inking population of analysts.

4. SICORIMICOR product is archievod in the Intelligence Correlation Data Base (JCDB): Advanced
data base technology is being developed to Su~pport a common101 Model space, which will underpin all of the
information fusion conducted in the various 1C modules; as w'll Las receive updates form and pass target

cetdby Multiple legacy system data bases which require special expertise to access, and none of which
cnanall the iniformnation necessary to support operations against TCI1's.

5. Tracker: This moduie performs temporal and spatial correlation on SICORIMiCOR product, It
concsdiscrete observations to TCT's in time and space, manages all of the hypotheses th~at result from
noiy olsrvuiotisand false alarms, and predicts future locations.

6. Force Statuis Assessor (FSA): This module mnaintains the TCT order of battle by perfoznnin g
automated inference against observations of '[CT and nion-TC1's. It infers the existence ot vehicles and
units bawsed onl the presence of vehicles or equipment. The TCT order of battle fornms the bwqis of battle
damage assessment functionalily, which m~so resides in the module. Together withi Trackei, FSA addresses
the bottleneck created by important, but repetitive and boring analytical functions that consume time and

91 human analytical resources that should be focniued onl the nomination of fleeting targeti.



1Tin Local Attack Controller (LAC) combines and autometes functionialiy that
hat, traditionally been separated organiizationially between irilelligence and
operations. In the LAC, IC funcetions mie pared down tu those w~sociate~l with
confined geography (e.g., a kill box or namned area of attack) and noa reltilre
and real-time feeds. Thlese functions are comnbined with automatud seirsor and
battle nmanagemnent modules so that ex tuan assets can be rapidl~y gf neralted a ld
their interaction orchestrated within the broader plantming paramnet-rs of force-
level conmmanders. Thus LAC is not only technically challenging, but
embodies the organizatioiial challenges posed by the requirement; to generate.
"operational inia'lligcnce" in order to operate within the strike cycle of enemny

TCTs. This organizational challenge is being addressed by the services in a
series of exexises designed to test new theater battle management
arr.fi~tectures and procedures for locating and prosecuting tactical ballistic
missiles. LAC technology is being demonstratcd, tested, and evaluated in thesee~ec~ss i acoranc wih M~sbetween ARPA and the relevant service

organizations.
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MAINS directly addresses a fundamental problem encounter ini botha the mitmy and
coiniercial words: data base tzelitiology has not kept pace wish advances in network
technology arid banidwidth capacity The ability to collect data has long, outpaced hunian
capacity to analyze it, but it new ti.heatens'L o swamp the possibility to otoring it effectively.
Military and intelligence users art; often faced with the ludicrous situation wlicrciii data,

cletuand analyzed nt great expense in tirne and resourcefi, cannot be retrieved fromn a
myriad of legacy data bases without aii effort COnunii"CSLrate to that iet'uilcd for its craIIi

Without a coinwon data picture, conecth such -,; "split basing" Pnd "teach back", which
underpin evolving intelligewx dou~riiie, will not be possible. This is especially true hi
situations such as oarly entry, U.S. nationais evacuation operatians, or peace kecpi~ig wleire
intelligmnce data bases will he largely CONUS based and maintained. MAINS is developing
two bxsic capabiiities to addresg this key deficiency.

I. Data Base Generation kDDB): During Det-eAl Storm some units maiantained at least
three sc-parate data bases of the elzccroniic ordler of battle: national, theate, and their own-each
usually rNquring a d'Iffrent data base mnulageirent systemi. DBG technology is designed to
merge the product or inultiple data bases; eliminate redundancies, inconsistencies, and errors;
and create a sing-le baseline data picture for a theater of operations.

2. Distributed Database: The uase:line data picture will be mnainitained and ,xdated
surmultane~uisly at multiple levels of detail. 716s capability is vital to giving commanders iic a1l
levcds i real-Lime view of their piece of the battlespace, anti without it the digitilation efforts
undecway will not fulfill thL ii potential with respect to supporting targeting, damage
assessment (RDA) and identification friend or foe (WE).
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Terrain and Featuce Generation is iuot a map production system. TIFG is being
designed to rapidly produce dhe digital terrain underlay for an eIir theater of
operation iti a weck. Thiis product can certainly support traditional military
mappirg functions, but of more impoitailce it will enable near real-time
autunmated image processing, mobilec target tracking, situation assessment, and
timiely, focusedJ collection management. Thie processing will exploit a coarse-
to-tine inasoning strategy whereby TFG will initially miap an area at low
resolution and then identify priority areas for detailed ierrain and feature

ji extraction. The technu~ogy anticipates progranmned eviihatcenients in sensors
(such as S&T) that will piovide frequent wide area coverage at resolutions
once limited to small point tat-gets. TFG will employ both literal and non..
literal imagery in conitructing a terrain product that will represent a
continually evolving synoiptic vi,ýwN of the battlespace rather than traditional
hard copy cartographic products issued as a series of discrete updates.
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WAR BREAKER I&P has logged significant accomplishments in all of its
subsystem develcpnient efforts during FY94. In the aggregate, these
accomplishments indicate that we are successfully pursuing our dual objective

3 of an integrated system and near-to-mid term productization and spin-off.
Each subsystem has on-going.insertion and/or product releases to the customer
conununity. Each is also making major technical progress toward the
overarching goal of shrinking our targeting timelines to within the enemy's
strike cycles.

All the IC modules are currently under development, some as competitive
e'foi)ts culminating in down selects in FY 95 and 96. The IC design informs
all of the module development efforts and is driven by a uniforrm probability
model underpinning all of the automated inference processing in each module.
Insertion points for IC technology include deployments in USEUCOM and
USACOM.



LAC technology has beeni a participant in se verlrem cxei essdriwi
and 1994. During 01p.eratiorial Concepi/Cross B3ol 11; i LAC area limitation
s of'tware was used as a backdrop for JSTARS MTI displays, aixi faciliwaed.
rapid1 location of surrogate transporter erector launcher s in hide and launich
locations, and their prosecution by aircraft flyin'g CAP. During Ulchi Pocu
Lens in Korea this suirimer, LAC ba~tae maunagemlent technology was utilized
to link AT1ACMqS launch units arid fighter wings to targe-titig calls, greatly

rdcntargeting tinielines. Pinally, LAC largýetingy ý:upport toolswr
installed in every U.S. Army C3-,ps Cire support element during 1995,
cuhlmm ut"ng in autornat:d iarg'aing&Isupport to a liv'e ATACMS launch that
-ignificantly decreased iiensor-to-launech tiznei inces.

4 WAR ~~' BRA Ii&P hws initiated a nunibzr of .sy'stem design nld integration
effots with th w'fe Air Foi-ce to aid in the traw~~cr )i LAC ýzclaiology into the
TB1M Core System archkitecure. We are partki.1patiji'g actively iii product
improvement meetings withi tho likctionic Sy!-wtm.i (os-mrand (ESC). Air
Combat Command (ACC), lizid iYoze Laboratoric-s to erisus', that ojr
technology developed in conuert with the fuiwtiomJI ~vstenI reql':ilements
identified by the Ai-- Force, mid in a Inannei that suppot p)15lractieali insertion of
I&P uWelnology into tlw Air Force architecturc. 1Insertion effurts are active

7, ~with respect to the Air Operation Center (O',Control and Repo--.ing Centein
(CRC), and thc loint SurvoA laure and 1argel Attack Radar ~ystein (SSTA'?RS)
Program.



Initial MAINS DBG prototypes have been deployed at SOCOM and
IJSACOM. Th1rough a series of MOUs with the services, MAINS will insert
distributed data base techniology into evolving military intelligence and
operations networks, and data bases beginning in December 1994, with
USACOM. lollowed by USPACECOM in October 1995. MAINS technology
is also being inserted into joint and combined enivironnments in both NATO and(
Korea. MAINS technology was employed in Ulchi Focus Lens last. summier
utilizing both English and ilongul language versions. MAINS technology wil.
provide the suite of targeting tools embedded In the NATO's evolving BICES
architecture,



TFG is in a competitive design phase, with concurrent technology
development under a recently announced BAA. This year YrFG will supply
digital terrain to the Roving Sands mobile missile targeting exercise aad
produce digital terrain of all of North Korea.

TFG's utilization of interferomnetric syntthctic aperture radar (IFSAR) product
is critical to achieving a rapid digital tenrain production capability. A topical
examples involve the use of IFSAR and moving target indicator (MTI) radar to
create ui initial terrain data base to support location and targeting of mobile
ballistic missiles. For mobile missiles and uther target types, the key
discriminator as to launch and hide locations are slope, presence or absence of
man-made struc;tures, and road network. TFG algorithms can be employed to
utilize IFSAR output to calculate elevation and slope to resolutions of less than
a meter and with high accuracy utilizinag global positioning system (GI'S).
'TM 3-D shape data from the IFSAR can also be employed to locate or update
information relating to large structures suitable for hide locations or tecinical
support bases. TFG can also employ MTI to mruate or update a road network,
tying together regions of gentle slope with Luilt-up areas for protection or
support. Terrain analysis algorithms can be run against tiis "map primitive" o1
slope, roads, and buildings to highlight areas for high resolution collection to
support targeting and aiission planning.



Th'lte'VG LAAA foý;Uses on six aresu requiring illnoVatiVe tCCklogl~ul bi~dUlUtiOt8 ecuoinpugsad by die
T1.0 functional dos~igr.

1. M ulti-Sculo/Multi-Sumoc Daumb=s Mwiagemnent Systemis
-SCeIxWt~ically Linked Ramer andi Vector Representations

2. Automated Feature LExtactiou from Multi.Source lImagery

* National

- Commuercial
- Luaxdsaa, flypez-Spectral, Spot

3. Knowledge lhised Terrain Feature l-.X4actiou

- Utilizution ol Temrain Analysis Knowledge with Souvue and
Compiled Date to liffe Fuatumie

4. Automated i'1eut and Fouture Wrxaction fromt Digitul Ratstar MU&Ij Products
5. Automatted Feature Extraction from LDigiltu Elevation D uaW

* Dnraingo tatteras
- Ridge inesl~

-atuaHariers

(x Automated Phlotogrxaomne~ric IkinciplIes

Selected ~)OzTsI anld deve lopmentlls will support the ITO D~esign, Development wnid Integration Contractor
(Prime). TO eltect this support, the (3ovetmmett is specifying software, Interfaces aud development
envirormnients such wi Khioros.

'Ihv I (GS BIAA solicits technlology to ptnvi(ICie nd- to bulg-ten01- Soluttmnis to r n11lnice the capabihlities of
wilitmy forves to detec, classify, and identify 'Vtswt eilai oil spctc'( doiiainvisus
simply plo idinzg activil y alertin1g. lThe IIUGS progrutiti is anL 00 gonl pif~ograin with liouits that aliready
addteeis aensors, udvotm~ed sigmua processing ol scus-or ditut, and short liul comnmuni cations. Tihe BIAA is
focu~sed onm four technmical macas that ale nimportanot to tlie MOJ S Prograni but1 llot eln mently under' contract.



'Ihu TOPSIGHtTBIAA is deconiposd into four primary systeln.% three WAS engignes and a

1. Forces
- Maneuver anidT'CT/W/MD)

iv2. Vacilities
le Listing I cilities and~ Mmiufacturiiig Nodes

-New and Eimerging Nodes,
- Underground Node.
- Luvironinental Indicators

3, Activities
- Iimter-iodc 'iTraffic Identification and Analysýis

Trkjftic identifi,.ationiand Analysis, as. anl IndicatoT to other WAS

Each of the three' WAS engines% will solicit for:

* Domain
- Observable(s) Analysis
- Process Modeling
- Inferential Desiýmn

Basic Sensor Work
- NTM, Ccatniercial and MTI

Design
- Iniferential
- Decision fihoi'etic Conitrol

I'The, ob , ective of tile C21S 1BAA is to dovelop and demonstrate advanced technology that
facilitates battlefield syidironization, suppoits Joint iin-tininc Situation Awaiencss,
decentralized battlefield execution, and flexible interfaces, particularl y in early enti j and
subsequent sustaiu.-d opciations. While thle focus of this effort is onl ground operations, thle
curly entry scenario involves key participwits. of multi-service amd multi-national sea and i'ir
basged operation s.
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Modern warfare demands that Commanders be able to
visualize the battlefield and attack enemy capabilities ai
will. The view of the battlefield must be consistent so that
different commanders (horizontally or vertically) obtain
the same impressions. Different commanders verticialy
require different scales of information which still must be
consistent. A major issue is to obtain surveillance and
targeting data at the right place in a timely fashion for an
appropriate, militarily viable response.

It is very important that surveillance and targeting systems
be afforciable arid that the technologies contribute to
improving affordability. New capabilities must
complement rather than replace surveillance and targeting
systems in existence. Currently, sensors and platforms are
too expensive. We need system solutions to reduce the
numbers required and technology to reduce the cost. The
systems to be deployed must not impact the force structure
andtherefore must be automatic to the maximum extent
possible.
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-"> 2i'. The ARPA program is structured along the three lines of:
Specific A l o.• that are developed and demonstrated
to deliver a solutioa to a critical portion of the problem that
has been clearly defined. The solution is to 1) dramatically
increase an inadequate, but critical, existing capability or 2)
to fulfill a requirement not presently met in the force
structure. The solutions supported must be based on
critical needs.

Basic )Ihn y.9' is developed to suppor, the needs of the
Applications. Technological short falls, both short arid long
term are prioritized for support according to the criticality
of the Application.

System-level Demonstrations will be conducted to
demonstrate integrated capabilities.

jI
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The ARPA program consists of the specific elements listed here. Several of
these are described in more detail later. This depicts the mapping of the.
program structure o specific Application areas (e.g. DRAGNET) and
further shows the technology areas that support the total program. As the
program matures, major System Demonstrations will be funded based on the
application solutions.

ff
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ARPA has analyzed current and near term projected surveillance system
capabilities and identified the deficiencies shown here. In the case of
platfornuis, it is seen that high cost is a major deficiency. This limits the total
number of platforms that the services can obtain and limits the total area and/or
timeliness of surveillance. Tlhere are many operational shortcomings in
utilizing extant systems. These in general can be categorized as limiting our
capability to find targets (area coverage, CC&D, resolution), or the timeliness
of reporting and attacking targets ( volume of imagery, communication nodes,
human processing).

0
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ARPA has analyzed current and near term projected attack system cap abilities

and id.ntified the deficiencies shown here. Present target acquisition systems

need high cost sensors that give limite-d capability to recognize specific targets.

Because of these limitations, critical timueline issues develop.

In the case of inarimed fighters, final target acquisition capabilities are short

range and weather sensitive thus limiting capabilities to find and attack targets.

This also makes the fighter more vulnerable. Present munitions also have

K' senso; limitations that more advanced c(,ncepts will alleviate.

PN'A



Based on the deficiencies, ARPA has defined speciftc; applications to addres3
each of the problern areas. As an example, of the broadness of applicability di,
affordable radar comnponents would be utilized in all the platforms and would
iinpacý other radar systems directly or by example. Several of these areas will
be outlined more fully in subsequent view graphs.
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71PA.PA radar cust reduction strategy is based oin the three areas shown here.
At the factory leve!, many special purposeC conmponients axe built for eac;h radar
ýycm witla an associated high cost. These systems are optimized n'iainly for
performnance. Thei new approach would add the constraint of cost to the
optimization. *l1iis conistraitatrequires investigating the use of eacti radar
compYoTIent Or SOMe derivative in many othror sysitems to Obtain the benefits of

large scale production. Platfornm to ground station down linking is a kirge
system.- expense. By sorting !hc areas of interest onl the platfurm, in real tirric,
and only down linking these with enough surrounding information to retain

z.:txlarge dlata compression ratios cana be obtained. Down links to, transmlit
this amount of data are very affordable. This requires -a capability to detect mnan-
ma:le -mms o(Al~he platloriti. Present Ground Stations use mntay analysts to exploit
die data and to then plan miission~s. These activities arc thus very timec consuming
and expensive in uperaItion e;os~c; Automating these processes will reduce the
number of analysts required and at the same tniT-LO increase the throughput of
imagery exploited.
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One program in Low Cost Radar involves the reduction of hardware
components per se. This program approach is sununarized here. The
reduction in cost is based on obtaining an integrated product line of "common
modules" that can be utilized in both the high production tactical systems and
in the low production surveillance systems. The strategy includes the use of

Commercial Of The Shelf (COTS) hardware and software.

P



The state-of-the-art in sensor and ATR performance is summarized here. lIlie
best performance is achieved using at sensor with 113 mieter spatial resolution
and measurement of die full polarizationi. matrix. Overlaid on the performance
data are the requirements associated with conductitig several military oriented
Waks. Thie observation is mnade that the state-of --the-art in selnsorsý and ATR

actually -.upports the development of systems to perform sonme of the listed
functions, while additional progress is necessary to reach all of the

ý-A requirements.
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'Thc automatic screening of imuagery is call be. perfornne'J Using state-ot -the-art
SenIsorg and ATR. The specific application being addressed by AR1PA is die
reduction in the imagery which must he passed over a data link Ivoin a UAV
(specifically the TIER 2+ system). It is shown here that a compression ratio of
approximately 100: 1 is the goal of' the systemn. Between the ATR function and
a modest comipression algorithmn this goal is conservative. There are many

* ~ approaches being investigated inl both industry and academia.

I-



Thle detection, recognition and tracking of mving, tiine-critical targets is
deemed to be ani upplication which cani be addresse-d by state-of-the-art sensors
and ATR. The DRAGNI•Vprograin will develop and demonstrate the
capability described here by expluiting target chmaraet~Wvics during movement.
Th'le abili ty to pre-dictably detect Laud recognize targaL4 i sing motion as a cue is
inhaimiced since tie aspect of the targOt is defined by the motion and the target
signature is bette~r characterized since doors, uuxiliary equipment or
camoullage are iiot a factor.



F~uture SAR sensor systemis (e.g., TIER 2+) will produce prodigious amounts
of imagery of the battlefield on a regular basis. Sumimarizing and assimilating
the information available from this data is a new and unique problem.
MONILTOR will apply the enabling techlnologies shown to effect a capability
for synoptic situation description.

II



Good afternoon, I'm Larry Stotts anid I'm goinig to deseribe for you an Integrated Precision
Strike Technology Demonstration.

The itame Of the programl is Siat Irshoo~er This programn will exploit and integrate ARPA
enabling advanced technologies to achieve the affordlab~e, precisiun weapon improvement

4" objectives Outlined here. Technologies are applicable to manned and unmianned platforms, as
well as fire and forget, standoff weapons. Retrofit and new weapon miarkets axe candidates.
Other programsi are address-ing the. iurveillancu anid iargeting capability imiprovemnents. Four
example. Dr. Daly and Mr. Swartz just brie~fed you on thme War Breaker 1&11 wnd S&T
jprograw)ii, respectively. These pro posed efforts will provide responsive, robiiit, wide-area
surveillance and targeting with accurate geolocation, both in the nemrterin arid farternk. Also,
Mr. lNitzmininger briefed you on a ticarterni development or a related capability this morning,

TIE~R 1P+. Thm primary set ol' ARPA technologies to be exploited in Shoiioshooter include:

*Thie Global Positioning System (GPS) Guidance Packiage, or GGP,
*Coninion Grid,

i'Meulti-Missile Manufacturin-g, and

'I ow-Cost Synthetic Aperture Radar

Mr. Balcerak and Dr. McGrath described Low-Cost Infrared Focal Plane Technologies and
Multi-Missile Manuflicturing this morning. Mr Swartz discussed Low-Cost Synthetic
Aperture Radar in the previous talk, I will descrie G-P an ComnGi, Ott wde s hH polential integration of all these technologies in the remainder of m y tak Ote ARPA
technologies such as electronic packaging, Microwave Monolithic Integrated Circuit% and
microchip Modules supp~orting the Sharpshooter concept will not be discussed because of the
dine. These supporting technologies are important to systemi affordability and tint should

become evident in several of tomorrow's talks.



Many of' the Application programs described earlier are feed by the automatic
target recognition IATR) technology developed under the programn
sun-unaized here. ARPA is investing in a major thrust. to dramatically
improve ATR petformaaice by fully exploiting model-based reasoning. Prior
A10iPIL programs exploited target and sensor models for ATR. Here we are
expanding the research to include models of the environment, scene, target

[4airadfresrctr oalwteraoin rcs oepota
ljonato vilb..



ARI'A intends to conduct severv.l procurements in FY95. Thie iteis shown
here will be formially competed aind appropriate announcements will be found
in Commiercv Business Daily.
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During Desert Storm, a major shortfall existed in the surveillance, targeting
and prosecution of mobile, time critical tar'gcs. Key Commanders at the time,
such as General Short, Deputy Director for Operations, Air Combat Command,
identified raajor problems such as:

oIntermittznt sensor availability,

-Ambiguous target detection, classification and identification,

-Variable largeting accuracy, and

-Response outside enemy weapon cycle time

In Fiscal Year 1992, the DoD responded with improvement programs in all
four areas for existing surveillance and targeting systems such as ASARS-2
and ISTARS. In addition, new proposed systems such as TIER II+ and TIER
II1- have addressed these shortfalls beginning with the initial design. These
enhanced capabilities offer a paradigm shift in precision weapon delivery.

With accurate target detection, classification and geolocation of fixed and
slowly-moving targets, one can direct (or autopilot) a weapon to an earth
coordinate and use a weapon seeker to perform the endgame target location
error correction/fusing operation. The advantage is that the seeker can operate
within a shorter acquisition range to the target, use a reduced set of target
masks, utilize a smaller field-of-view as set by the geolocation error, and net
need large search rate capability. The result is a potentially lower cost seeker
head because of the reduced performance requirements. Also, it may improve
the weapon's probability-of-kill and minimize collateral damage.
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The notion of affordable, nwecision strike weapons has much merit.
It is compiicated by thie nced to provide capabilities now lacking:

-Operations day/right and in adverse weather

-And since GPS is our standard for world-wide navigation, effective

target prosecution when our GPS receivers are jammed

The concept of operations implies that the weapon can shoot to the tai get
coordinates. How wouid this bv, done'

-Tesurveillance and targeting platforms operate with accurate
.-,olocation

-So does the strike aircraft and the weaponF. -This is all done in the GPS, i.e., WGS-84, coordinate system



This is not a program to develop a new air-to--ground missiie, a new smart

bomb or a new imaginary weapon.

We can retrofit existiag weapons and/or munitions.

The key innovative factors are designated at the arrows.

-We incorporate JX& [emphasize both I OPS na~vigation and
navigation grade inertial for midcourse and terminal guidance

>>Both GPS and ineitial nav are on the weapon

-The combined benefits of more precise targeting, navigation to the
launch point, and weapon guidance will red-uce the nange, FOV and
complexity demands on the wecapon terminal seeker.

We can shoot to the coordinates of the target and we do not need dedicated
sensor to shotc r!miu-W41eofl

Our concept and accomplishments for all of this will be under the cooperative
scrutiny, up front, by the primiary; the USAF Air Combat Command.
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_ 'The components of the ARPA program are shown on this chart

The GPS Guidance Package (or GGP program) combines a miniature GPS receiver with a
Miniature Inertial Mea.suremrnet Unit (MIMU) to form a tightly integrated navigation sensor.
This combination couples the high quality, long term performance of a GPS receiver with the
relatively short term, high performance of an IMU. Associated digital processors are included
to form a high quality, integrated navigation unit. The ARPA solid state, MIMU features
IFOGs. Hence, IFOG manufacturing is a natural outgrowth of and contributor to this program.
The Common Grid program will provide a theater-wide, highly accurate common position and
timing reference for targeting and navigation. Common Grid capitalizes, among other things,
on the miniature GPS receiver developments in GGP.

The IFOG Manufacturing component will provide for the development of the manufacturing
infrastructure to develop high performance, navigation grade, Pow cost IFOGs. The fabrication
technologies needed to produce such an IFOG will be developed. This effort will develop the
capability to produc•e highly reliable miniatuae IFOGs at low cost and will develep
improvements in the components and in the packaging to meet these goals.

These technologies will be available for insertion into a number of systems such a&:

-Surveillance and Targeting Platforms. Launch/Strike Platforms and -recision
Guided Weapons

,*One of the last of these is Sharpshooter

The bottom line is that we are capitalizing on advanced guidance technologies in order to
increase force effectiveness with an emphasis on low cost and high reliability.
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This chart is a diagram of the logic of the concept for Sharpshooter.
Availability of guidance and navigation units such as GGP will enable...

-Move accurate geolocation and sensor pinting aboard surveillance
platforms - thus more accurate targeting

-More accurate navigation of strike aircraft to the target coordinates

-More accurate navigation and guidance of weapons, after release, to
the resultant acquisition basket.

-A smaller resultant acquisition basket, thereby reducing the demands
for search and acquisition on the part of the weapon terminal seeker,
there by allowing the seeker to be less complex and less expensive.

Accuracy of navigation and target geolocation can be further augmented by the
ARPA integrated technologies for Common Grid.
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Here is a comparison of two navigation sets, CAINS II and EGI, with the GGP
goals. We are in source selection for contracts to extend the development of
GGP to these goals. Note, for example, the reduction in weight, volume and
power of GGP vs CAINS II:

7 lbs vs 47.3 lbs, a factor of about 7
100 in3 vs 1,418 in3 a factor of about 14
25 w vs 141 w, a factor of about 6

All solid-state components in the GGP will also result in increased mean time
between failure and re4duced cost.

iS sp l
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Without changing the components or operation of the Global Positioning
System, we can provide theater-wide enhancements to navigation and target
geolocation. This can be done in the common GPS coordinates, which
correspond to WGS-84.

Specifically, platform location accuracies can be reduced from
15 meters to one-to-three meters. Worldwide GPS timing accuracy of 100
nsec can be reduced to 5-10 nsec, in theater.

Ground-based, mobile, self murveying transmitter stations will refine GPS
accuracies, transmitting corrected signals to authorized users such as
surveillance platforms and strike aircraft. This project is a classic technology
integration one for ASTO.

There is also an important technology issue already being addressed: a
frequency standard, or atomic clock.



The Korean portion of the "Road to War" will be completed by the end of

October in preparation for use in analyses to be conducted in support of Tier

R1+ and Tier II1- High Altitude Endurance (HAE) unmanned aerial vehicle

(UAV) development programs. The analyses and simulations will be used to

develop the concepts of operations and performance

evaluations for the aircraft sensors..
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All source analysis, to date, has focused ARPA interest and effort into
technology product areas listed on the "products" slide. All of the areas listedfill an identified need in prosecution of time critical targets. Notice that I have

included the, tool set used in the analyses as well as any future tools developed.
This list foims the fougdation for the two following presentations in War
Breaker Intelligence & Planning and Surveillance & Targeting efforts.

F P
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Controlled expansion of the systems to be analyzed will progress to include
officr ARPA initiatives such as Signals 'Intelligence (SIGINT) collection
platforms. The step-wise progression of analysis enables controlled cause -
effect insight to be gathered in the complex interactive scenario trade space.
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The first step is a big step and entails preparation of the battle space to
support the analyses and the analytical process definition to employ simulation
encapsulated analytical tools. In this case, the bulk of the preparations are
generic to uany systems analysis. Only the unique models that tie directly to the
UAVs would be, included in the normal preparation. The "road to war" is a
reusable environment in which to conduct numerous analyses.

AM
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An expansion of the HAE UAV analysis will come from sensor systems
trade study analysis wherein additional features or improvemcnts will be
considered. Similarly, changes in information dissemination and command and
control could be injected into the analysis to evaluate performance sensitivities.
Environment replication and other factors must necessarily be controlled in
order to avoid the "statistical noise" associated with absolute free play. These
evalvations would result in a set of pre-planned product improvement (P31)
candidates to be applied to the Tier H1+ and III- sensor payloads if funds
become available.

/0
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- I iowledge g,-ined tirough the use of all simulation based analyses enables
the systems to be exercised and stressed before, during, and after development.. Tihe simulations enable sensor level insight to be gained on the systems'

7• performance with or without a man in the loop. Applied in the early phases of
the acquisition cycle, performance based design changes can be made to better
tune the systems' design to meet the users' needs. Applied in the test phases of
the cycle, 3imulation based analyses can stress the system and operator to gain
insight into the best application of the systemn and can lead to development of
employment tactics. In short, the system simulation and analysis dramatically
shrinks the acquisition cycle and better defines the product to fit the tactical
commanders' needs.



Since everything but actual war is simulation, the scenario used to represent
a war becomes crucial to the validity of the analyses conducted. A "Road to
War" with various scenarios is being put together based upon the JCS
approved nearly simultaneous dual major regional conflict situation involving
a North Korean invasion of South Korea and an Itraqi invasion of Kuwait. The
National Air Intelligence Center is providing the actual intelligence threat
target laydown and multi-spectral threat profile with doctrine based concepts
of operations and C41 structure. Similar blue force laydown is being prepared
in accordance with current defense guidance and the whole evolution is being
blessed by DIA, Theater J-2 and Theater J-3 review. Terrain data bases and
features data bases are being prepared for the Korean peninsula and road
network overlays are being constructed. Also note the existance of a Red Cell
capability to be exercised with men-in-the-loop during threat excursion
sensitivity analyses.
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OAPT, TARGET

S~The best testimony to the success of the deve~opmenit approach is the recent

. successes in the installation of five different support systems in Korea. These•.• advanced command and control systems were funded specifically by CongressS~to provide enhrnced capability in support of real world events.

The Functionality ranges from better comnmunications throughput, significant
* new red force tracking ability, advan ;ed air" planning, distributed collaborative

plIanning, and a greater capability fer all service information to provide a
shared perception of the area of concern.
Each of these systems were ongoing efforts that were rapidly adapted for
application in the Korean scenario•. They are examples of user involvement
and evolution, and provide a leave-behirnd capability consistent with our

-implementation strategy.

SI
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Mal ees ltfo.cmuigrqieet aebe dniidoe.tm

iniated byfenhe praojecomptin requirements hav suerbenmdenifed on hvter plioe

of require menis.

Ibis line represents an mqponiential growtlh in computing pe;rj ornmnce ove-r the
;A next few yewrs with multiple teraflop applications by the y ar* 2000. The stair-

step line represents the em-beddable computing baselhic e 10 gflops/cu.ft.
which is the near-termi computing density target for thi, program. Thle stair-
step performance tracks the same I cu. ft. computer v /CrtLime assuming only

N thc processor performance improvements expected ;A the commercial market.
This chart concludes that systemn performance deri-ved from processors alone
will fall short of demand by 1996. System requirements may be met in the out1' years by scaling up the number of nodes or by increasing the comnputing
density oeahidvidlual node through perfo-.rmance acceleration.
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The C31 thrusts within ASTO are focused at the Land Combat Level.
Starting at the lower right, the Commercial Communications Technology
Testbed and the Personal Location System are efforts to support the indkvidual
combat soldier. The C2T2 program is evaluating commerciai communications
for military use in a soldier worn display. C2T2 will particpate in the
Advanced Warfighting Experiment 96-02. The PLS will provide the
individual soldier position location and a "911." capability. Moving up and to
the left, the SPEAKEASY program is the development of a multi-band,
software reprogrammable radio using Open System standards to provide
flexible interconnectivity and wide bandwidth, Phase I has just been
completed with a demonstration of simultaneous operation of SINCGARS and
HAVEQUICK. IMPACT is a program to pursuv technologies that can
provide improved performance at lower cost for MILSATCOM terminals.
CommLýld and Control Information Systems (C21S) is a new start that will
focus on C2 challenges in Early Eatty scenarios. Goal is Near Real Time,
Fused, situation assessment at the Battalion Level. The Multpile Access
Intelligence and Nomination System (MAINS) is an extension of the JTF ATD
to the tactical User to support target nomination. A demonstratioa of this
revolutionary targeting process was conducted with CTS/TACCMS in. Korea
The Local Attack Controller links Operations and Intelligence for 'ime
Critical Target Prosecution. It will be demonstrated during the Joint Air Force/
Army Attack Operati jns at Roving Sands in FY95.

W
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The development process emiployed by MST() is similar to those of ours in
sisro. In a mnaritime environmient, they identify technologies which offer
best, most rapid imipcovements for Maritime C31 & Planining. Employing the
Intelligent Engineering approach, they enhance technologies for op-dirurn
contributions to maritime CM1 and adapt them to operate. withi & within the
existing JMCIS architecture LBstailations, tests, and demo's are conducted on
C7F/C6F Flagship at regular interval,,. Finally the proven technology is

trarisitioned to SPAWARSYSCOM.
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Key developments ongoing within SISTO face techrnical challenges which arc
being translated into development, opportunities. They relate to both the
process and the end product.

The products include agile decision support through development of tool boxes
to support access to other applications, enhanced communications availability
and throughput, and anchor desks providing ready access to technical
expertise. Vertically integrated object oriented development will provide the
framework from which to build applications, incorporate various types of
functionality, and which as they progress will be de.,ionstrated frequently
I hrough technology integration experim-ents (TIEs), Interopciability Feasibility
Demonstration- (IFD's) and the annual Joint Warrior Interoperability
Demonstration () MIID) series. Bandwidth adaptive cornuunicatiuns will
piovide systems the capability to live within the reality of a dynamic
communications environment.

New techniques are being used in systems development, employing some of
the very tools that are being evolved. For instance, multiple group object
oriented system developnment (itself a new approach) will be done by
distributed development facilities employing video teleconferencing,
distributed collaboration, and shared information over existing
Pcommunications links.
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A vital part of the concept of anytime, anywhere information onl demand is that
of the anchor desk.

exprtsin nan fild (avirualstaf) it futhe acesstoinformation far
greater than that normally available at the lower echielons. Through global
communications the CJTF may acces!, detailed logistics information, weather
informnation, medical information, and rinany other types of expertise.

SiST() is currenfly developingj the logistics anchor desk to give the warfighti.er

the -vfýi illity over his logistics assets and analyze the sustainahility of variousK! Course.s, o1 Action (COA's). Warfighters will have needed information related

to supp.iy movemennts, repairs and sparing information, log planning and
needs but to which hie doesn't have access in the field.

An extension, of ~&as concept w'1 -c " abiliy to anticipate the rcqui-mreentsi
of the warfightei-3 and formulateo queries based onl that information, Answers[ will be available fort~he questions that "were ineant to have beeni asked" but

may not have hcuni properly formulated.
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'A Through extensive itser involvement in the process, utilization of the
technology available from industry in commercial off the shelf products
(COTS), and reuse of software where sensible with Government off the shelf
(GOTS) products, ARPA has been able to leverage development to provideA new and enhanced capabilities. One example, discussed later, arc the recent
C2 system installations in Korea which provide enhanced interoperability,
enhanced shared perception of the Area of Operalions, and an initial capability
for distributed collaboration.

Current and future efforts within SISTO formn the basis of an implementation
strategy and build on these initial efforts. Through the definiti ii and
construction of a reference architecture, development of planning tools and
decision aids to support distributed collaborative planning, anchor desks to

provide subject matter expert support, and the capability for shared perception
provide the basis for C2 systems of the future Conducting development with a
user involved, build a little, test a little, field a ilittle approach allows
streamlining of the acquisition process and the ability to field systems more
quickly and affordably

Working with the operators to refine and perfect the requisite tools, and
leaving them with the operator with adequate support and the ability to evolve
them as the requirements dictate, will ensure optimum warfighting capability
for all levels of command.[2• Added benefit to the ARPA .nitiatives is the injection of leading edge
le, hnologics into both the non-lDOl) federal and the Commercial sectors.



'Io evolve Command and Control into a realm of full interoperability and
ultimately one of optimal integration requiret; identification and definition of a
new architecture.

The ARPA Joint Task Force Advanced Technology Demonstration is
developing and evolving that architecture. It is of necessity object oriented and
is database centric, It is layered, and based on solid communi cations, common
operating environment and object-oriented (CORBA based) infrastructure.
Various scrvcrs are being developed as objects for case of interface, and
modulaiity to enhance flexibility and evolution. The infrastructure and object

repoitor -vPice base interface with the applications that re also modular,

and employed as required by the scale of the specific architectural application.
The operators access the system through a comnmon user environment.

The primary advantages to this applroach are interopNm' ility between legacy
systemrs by enclosing, them ini "wrappers," scal ability t pending oil thle
particu jar implementation, and evolut~ionary flexibility.

This architecture will support a continued technical insertion to allow it to
expand in (fhe future. As additional server requirements, C2 schema's and
applications are identified and developed they can be inserted into the
structure. This is a current areca of opportunity for industry.

IL
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Their are many problems and technical challenges involved in iiaking tile C2
changes requited. In the 1980's systems were developed and constrained to
rigid and often archaic government and military specifications. They often did
not involve the end user until development was complete and the system was
delivered in a finished, non-evolvable form. Developments took years to
deliver dated products. The products were frequently user-hosile, hard tol
learn, aad provided stovepipe functionality aimed at single applications rather
than distributed support. Systems were limited to available communications
bandwidth regardless of fluctuating needs, and because of their' architectures,
limited in speed and flexibility. Other than adherence to aging s:pecifications,
there was little overall standardization for interoperability between systems.

Advances in technology, increased emphasis on involvorment with the users,
and change to the acquisition process have allowed great strides in alleviating
these problerns, but there is still far to go.

Innovation and the provision of leading edge technology cnhanced through
user involvement are thrusts in the right direction. Distributed and scadable
systems development emphasizing industry standards, a reference architecture,

and a means to exploit that architecture using object oriented methodology are
all tools that will help enable the C2 community of the future. ARPA is
already using those tools and fielding initial systems.

--- - --



The new world order has created an environment requiring major change to the
way the military does business. There is no longer one monolithic adversary
for which we have years to prepare warplans and build up our resources. Crises
now seem to come in the form of smaller and possibly multiple events
throughout the world. The Defense budget and hence available resources, is
shrinking, requiring better, more efficient planning, and much faster planning
and reherearsal turnaround. Most conflicts now require buildup and execution
measured in days. They can be likened to a basketball pickup game, where
you won't know who'll be on your team, who will be the opposition, the
location of the game and maybe even what the rules are until game time.

ARPA is working on methods to improve C2 and crisis response in this new
environment, and the flexibility required to support it. Improvements must be
made in planning, operator education, simulation and reduced software
development time and costs. Innovation must be applied to Concepts of
operations, C2 Architecture, and organization. Improvements must relate not
only to conducting military actions, but also non-military operations and
civilian relief actions as they arise. Simultaneous global operations in support
of arc(.s such as Bosnia, Haiti, Korea, and the potent;al for hurricane or
earlhquake disaster relief support are all real, require resources, and mandate a
revolution in the way we do business.

Systems must be highly iInteroperabll, innovative, and abl~ove ail must be
affordabic.



Good afternoon, I'm Tom Garvey of the Software and Intelligent Systems
Technology Office. I'll be addressing the Command and Control thrusts
ongoing in three of the ARPA offices; SISTO, the Maritime Systems
Technology Office (MSTO), and the Advanced Systems Technology Office
ASTO).

I' 11 discuss the recent change in the warfare and developmental environments,
its effect on the research direction ARPA C2 is going and why, what we have
accomplished, and what we have planned for the future.

I
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The most challenging technical objective in ADS is the development of
behaviorally accurate semi-automated forces. You don't need to be involved in
theater-level exercises to need a good SAF. Training the individual combatant
in synthetic environments is challenge enough. Large numbers of SAF entities,
SAF operating in complex environments, and the visual displays of of SAF
entities each impose challenging goals.

As examples of our plans for FY 95, we plan to issue a BAA for expanding the
scope of command post entities to other services, and a BAA in the area of
Distributed Exercise Management.

Achbciving these goals will produce capabilities useful to many other
applications.

"4.
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This chart illustrates not only how important synthetic forces are to ADS, but
also the complexity of this technology area.

Synthetic forces, also known as Semi-Automated Forces (SAF), were first
developed during the SIMNET program as an inexpenisive means to fill out the
battlefield populated with entity-level simulators. Even after more than 6 years
of active research and development, the SAF entities encompass only the lowest

echelons and exhibit no more than primitive behaviors.

"lhe thrust of the Synthetic Forces program is two-fold. First, is to extend the
coverage to more platforms and to higher levels of command. For example, the
Command Forces program, initiated via a BAA prozess during FY 94, will
develop command and control entities, versus platform entities.

"The other thrust is to enhance the intelligence and automation of the synthetic
forces. This long-term research area encompasses areas such as knowledge
acquisition and representation that have applications beyond warfighting
simulation.

4;1
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ARPA is developing as a first step a techmical reference model for an ADS
architecture. This process began this year with three concept studies.

Our approach to simulation architecture, depicted in this chart, represents a
change in ARPAs culture. The emphasis is on the integraticn effort, one that
will eventually merge the work of 3 programs: STOW, JSIMS, and WARSIM
2000. ARPA will become a customer of the architecture for other ADS
applications.

VJ
I j



Five major programs have been initiated in a competitive environment. These
starts represent a significant 5-year investment, but present many opportunities
in the future.

SM,
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The ability to create an operationally useful simulation capability depend ron

technical advances in many areas. Hiere are a few of these techinologies that
support the STOW-E exercise.
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STOW-E represents an important test for ADS for three reasons.

First, it is the most technically challenging experiment to date. There will be

3500 entities interacting on the Defense Simulation Internet; an order of

magnitude larger exercise than ever before. 'The scenario is a brigade level
training exercise occurring within the context of Atlantic Resolve 94.

Second, this is the first use of a mixture of constructive, virtual, and live
simulations tested in an operationally relevant scenario and with a defined
training objective. This aspect of ADS, the joining of virtual, construc:tive, and
live simulation is a main philosophical point of the use of ADS technologies.

Third, the STOW-E system represents ARPA's new approach to developing and
transitioningg technologies, namely by leaving in place operationally useful
systems that embody the new technologies. This approach is central to the
Advanced Concept Technology Demonstration (ACTD) programs.

A
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To dvo di ed

The ADS program goals are:

To deveiop and trahsition to the CINCs, Services, and t oD the required
concepts and technologies to create a synthetic, theater-level battlefield

'4 addressing the JCS warfighting responsibilities and the Services' Title 10
responsibilities such as: training and readiness, design prototyping and
manufacturing, contingency planning and operational mission rehearsal.

These goals arc being pursued these goals from two directions. First, by
investing in 5 basic tecimology areas underlying ail the system applications -
simulation architecture, real-time networks, synthetic forces, synthetic
environments, and a collfction of softwaretecnlgeoehnetecmo
development environment for these applications. In addition, the applications
rely on advances made by other ARPA programs, for example human computer
interaction and language technologies.

Second, each of the system applications is oriented, towaid an operational need,
ranging from operational rehearsal for the individual combatant to joint task
force commander exercises. The STOW-E technology demonstration, which is

the first major milestone in the STOW program, illustrates this point.

1'P
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Tihe second HPC architecture initiated under this program is a fine grain SLMD
architecture from MasPar, Inc. lit this effort Teledyne will re-package the

09- architecture on industry standard 6U format cards to formn a 15 Gtlops! cu. ft.
-conduction cooled system. These efforts share several features in commllon:

they are derived from unmnodified commercial IIPC architectures, they are
scalable, they arc brought to the military market by miflitary systems houses,
they run commercial software, they are members of the I-IPC family of
upwardly comp~atible, exponentially increasing Iperfiomilance, commercial
architectures.

Al-



Ilie Embeddable HPC program will bQ seeking additional architecturcs,
approaches, and missions in upcomnizg programi annouiiccnients. Likely
inivestmnents will supporIt customer driveni cost-shared partrierships, solt'Nare
tools and environmezmLs, and enabling inifrastructures. Investments will be
made to address these interest areas with IIAAs scheduled in late 1994 or early
95 and Fall 1995.

.,'1



The ARIPA Advanced Systemis Technology Office is develop~ing Advanced
Distributed Simuulationi (ADS) technologies and systems~ for a wide range of
Defenise applications~.

The ADS programn will focus ou the critical area of maintaining the r'eadiness
and training of our forces.

57



N|

ai

There are four basic messages.

First what is Advanced Distributed Simulation (ADS), and how ARPA is
developing ADS technologies for a range ol Defense nii:ssions.

Second, ADS is focused on operationally useful applications, and I'll describe a
major technology demonslt tionl beinlg c, onducted next week, STC)W-Viurope.

Third, on the business side, we've initi:ited 5 mIajor programs using an open,
compn)etiti ve pro.ess,

And finally, outline how the lull potential of ADS will require substantial ef•ort.

What ialiuuuvates ulis work is, 01 the uUge a , U. emnad th.... thide tL.,-•u.JuLte..(i SutiteS

develop and maintain a ready, well-trained force.

Fil;



Eve•y aspect of providing for the readiness and training of our forces is harder
today tlhan ever.

The Services must now be able to respond to a wide range of potential threats
much different than in the past, as events of this last year illustrate. Combat
forces will be organized for combat differently, with the emphases on Joint arid
Comiibined task forces being sent into highly charged battle spaces and with a
different o0;Lrational concept. New teczhnologies will enablo. greater use of
maneuver, syncrmnization, aud agility to defeat the enemy.

The diminished forward preseikcc of our forc:.; will create d,:ployment and
training problems. Unlike the past, we will not be able to train in the areas
where forees will be deployed.

Yet the success oF the Persian Gull war established in the public's view, and thus
the political requirement that we maintain a high state of readiness. In the future
we canot rely on having the sanme oppor•ltuities to prepare as we did then.

All this must be accomplished with fewer resources-, personnel, materiel--and a
greater expectation of rapid, complete success on the battlefield.



IBMj

Ki

Three additional challenges are interoperability, distributed computing
requirements, and space requirements. Rapidly deploying Ad Hoc standards
will address the interoperability issue. Finally, distributed computing and
space requirements will be addressed by applying HPC high performance
interconnect to workstation cluster distributed computing, and utilizing space-
effects simulator as well as possible future collaborative efforts.

1K0



I The iong-term vision of ADS is depicted here.

The central idea is to create a synthetic, or virtual, environment in which
soldiers, weapons, and commanders can exercise as though they were on a
conmuron battlefield. The warfighting assets can be geographically distributed,
being connected by a global network, thus providing less costly and more
frequent training opportunities.

In more technical terms, the vision for ADS is:

To create a synthetic world distributed over a global network, realistically
populated with:

- high resolution, dynamic terrain
- tactically significant environmental effects

7 - individual combatants and weapon platforms of varying fidelity
- validated representations of a broad range of command elements
- a broad range of tools

• Able to interface with
- appropriately instrumented "live" test ranges
- appropriately designed constructive models with different levels of fidelity

* Supporting readiness, training, acquisition, test and evaluation, and other
missions.



Two efforts are underway in the embeddable computing program including a
militarized version of the Intel Paragon being developed by Honeywell. 'This
0.5 cubic foot box will provide a peak 4.8 GFlops packaged on air-cooled
SEM-E cards. The system will run tie Intel Paragon operating system as well
as a realtime version of the MACH operating system. The box will be
demonstrated and introduced early in FY95.

NOW
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Three key technical challenges for the Embeddable HPC program include
physical form factor, real-.time operating system, and power. Physical fonn-
factor challenge will be addressed by ri-packaging arc'hitectures as modular
units of replication and focusing on system-level packaging. Real-time
operating systems can be achieved by reducing kernel sizes supporting run-
time modularity and improving performance of existing parallel operating
systems. In addition, p~arallel versions of existing operating systems will he
supported and enhanced by fault tolerance and trust. Reducing power for
MFlops/Watt can be achieved by systems approach supporting heterogeneous
architectures and low power component and process development through
microsystems.

Vm
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The Embeddable HPC program will achieve its objectivs by providing
scalable computing solutions broadly applicable acrss defense needs (no point
solutions, maximum reuse), focusing investments on early risk reduction

i phase, encouraging and supporting cross platform interoperability, leveraging
ARPA investments in advanced packaging, ri.rosystem, and scalable
computing, making required incremental investments to enhance HPC
technology base.

1,4
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The Embeddable HPC program strategy is to leverage continuing exponential
performance growth of commercial HPC for defense needs, reduce software
development cost, improve portability, ensure longevity and reuse,
dramatically reduce life cycle costs of computing by eliminating custom
"point" solutions, and eliminate time lag for defense adoption of new
technology from about 10 years to 6 months.
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Additional requiremenbs are derived from other ARPA programs such as the
Mountain Top program in the ARPA Sensor Technology Office, Mountain

K"Top is a Space Timc Adaptive Processing (STAP) radar technology
I ~demnonstration program.. Under this program RSTiiR, an experimental radar

has been used to collect a one Terabyte STAP database.

Problems of SAR image formation, ATR, and in~frared tracking present
significant processing problems for STO missions. Algorithms such as the
STAP provide significant advantages in reducing interference and improving. -

capability to sel, ctively detect targets. STAI' algorithms are computationally
intensive requiring a sustained ievel of 25 gigaflops performance.

"KJ~
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A nuber f miita comutin "Gand Challenges" requiring Teraflop

performnancc and up to 100 (iWords memory motivates ihe interedt in
providing solutions to these chiallenaes. Applications include computational
chemnistry/rnateri al science, advanced -itcrialspropellants (1000 at-oms), CFD
of air vehicles and ordnance, weapons release, weight/vultierahility reductions
inadvanced land combat vehicle~s, precision str~ e/atitornatic target recognition,
submoarine hydrodynamics/unsteady flow, ocean acoustic enivironmnent
simulations, revolutionary gun designs, and atmospheric inodefl ng/particle
dispersion(300x300 mile battlefield).

A..



Sharpshooter is an integrated technologies/system demonstration. It exploits
technology developments like GGP and ultimaitely benefits from Man'rech

. . . .. . . .projects such as the SSTO MuJlti-Missile Manufacturing.

It completes the sensor- to precision attack shooter logic with accurate,
affordable, adverse weather capabilities. Them' is Tio vew weapon her~e.
Sharpshooter will retrofit to existing weapon systems.

And finially, we are planning and will implement this future programn with the
cooperation and guid~ance of the people who will employ it -- the Warfighter's.
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Thiis chart synopsizes die factors thiat justify the Sharpshooter affordability

-A low cost GGP enables accurate navigation and geolocation across
the board - from wide area surveillance to weapon terminal guid,1Ince.

-114OG Manufacturing Technology, as discussed previously by Bleth
Kaspar, is an important factor in low cost GGIP.

-Better targeting, strike p)latforml navigation and weapon guidance
allows simpler, more cost effective terminal seeker subsystemus. This
benefits, every aspect of the seeker subsystem:

>its search requirement

- >dts, detection and automatic target recognition (ATR)I3 algorithmns
»Lts physical characteristics - e.g., lower weight, smaller size
and less complexity.

We also look to the SSTO Multi-Missile Manufacturing program for the
strate-gies and processes to reduce the cost of seeker manufacturing, across the
li, ard.
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Thle ARPIA H-igh Perfurmance Computing Program, palt of thle Federal High
Performnance Computing Programi, is creating the commercial scalable
comp)uting technology base to meet large-scale scientific comlputinig
challenges critical to thie nation. The programu has created the enabling
technology base for machines deliverhig 100 gigallop)s sustaincd performance
addressing several classes of problemis from computational elearomagnetics to
oil expl)oration to finance. Tme goal ol the programn is to develop scalable
parallel systems able to be configured over a widle p~erformance range capable
of terallops perf ormiance and beyond.

Scalalable communications and computing components are bl-ing developed
that unify the computing space fromi single workstations, through workstation
clusters, to mnassively parallel computers and beyond toward a National-scale
networked compiuting~ Cilterpri)sv.

A--

In FY94 ARPAI CSTO initiated the E'nbeddable 1I1PC program within the High
"Performance ( omputing Program. The purpose ofthis focus activity is to
leverage the commnercialscalable computing technology base to plrovide
enhanced defense superiority. This activity will provide funding to lower the
risks ofloigrating the commercial high performance computing base to
military apblicationss.

[htuiytecmuigsac7rmsnl okttostruhwrsaim*T
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1 The Emnbeddable IIPC approach will be to prIovide a famfily of comp~uting
solutions broadly applic~able across military platforms and mnission
requirenlents. 'ili approach wvill provide unmodified commercial machines for.
fixed land-based applications, ruggedized commneicial boxes for large aircraft

I ~ and ship board applicationS, and reduced form-factor solutions for highter,
satellite, and other size-constrained applications. rais family of solutions will
all share the same integrated circuits and the same software base. 'They will be
identical machines differing only in formn factors. U'acli form factor is sealable
and strongly leverages the commercial technmology ba~se.

.. ... ........ ---
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Sharpshooter is planned for an FY96 start. But, we have begun at a veiy low
level, thinking about what kinds of sensor concepts would make sense for our

demostraion.There also are integration issues. They include

Sensor integration to a weapon.

%ýA And of course , there are all tihe factors that go into an integrated demo,

POINT TO "PHASE, 1, THEN "P1HASE 2"

V We view Sharpshooter as a two phase, four-year program with the key
component~s shown here. Phase 1 will be the subjcct of a competition with,

hopefully, more than one contractor selected. Phase 2 will be dhe subject of
priced options. Funding constraints probably will force a down-selection for

We have done substantial thinking about S harpshoomter's goals. Our
acquisition stratogy, at this point, is preliminary.

E.,
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Security classification guidelines prevent me from qu~iitifyiag (lhe vertical axis
IRof' this chart But it is appavent using the techniques of the Joint Munitions

Effectiveness Manual, that increasing the accuracy of weapon delivery from
say,-20 in to 3 in, greatly increases the effuctiveness of destroying tough targets
such as aircraft in revetments and hardened command posts,

The Sharpshooter goal is to provide weapon delivery accuracies of 3 m.
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As a i'esult of an Air Force Wright Laboratory competitive source selection, we
are developing a miniature...

frequency standard that can be used in a variety of applications, including
Commion Grid.

I k



I The basic technologies of ADS are fundamental to many aspects of our society,
going beyond Defense missions to areas such as manufacturing, education, and
health care.

Within Defense applications, the future directions arc characterized by a
broadening of the scope of' what can be represented within the synthetic
environments. More weapons and echelcns will be included, and we will
develop better means to use ADS for acquisition improvements. There are
immediate priorities as well, dealing with how to use ADS to better prepare

[A individual combatants.

Business and manufacturing may also benefit from simulation technologies.

Being able to control a distributed simulation exercise involving thousands ofLentities may provide insight into how distributed enterprises will work.

The use of simulators for unit training, and the ability to join distant players on a
virtual battlefield can also be used by students. They can work in a virtual
laboratory, supervised by an expert teacher located far away.

Finally, the technologies that will efficiently capture the knowledge of the
behaviors of' soldiers and cormianders for use in SAF might also be use-d to
create an decision aid for a doctor.



The systems shown on the previous slide provide a significant command and control
capability from many aspects:
CTS--Cointron Targeting System

Planning and Analysis Tool for Targeting, Intelligence and Battle Management
Distributed Mapping Resources and servers using all DMA products
Operations and Intel database interfaces

DSI--Defense Simulation Internet
Established network infrastructure to enable global distributed, real-time, multi-media
simulation
Provides connectivty to integrate all simulation and modeling functions from earl),
design to battle rehearsals enroute the conflict

GALE--Generic Area Limitation Exploitation
Combined database of diverse topographic features
displays topographic overlays on area charts
Generates "what if' tel location scenarios based on topographic and spatio-temporal
data using boolean queries

ACPT--Air Campaign Planning Tool
Planning and Analysis Tools for Developing Air Component Campaign Plans
Supports Management and Analysis of Intelligence and Targeting Information to
Build Master Attack Plan
Facilitates Allocation of Critical Resources Against High Priority Targets in Master
Attack Plans

TARGET--Theater-level Analysis, Replanning and Graphical Execution Toolbox
Distributed Collaborative Planning via video teleconferencing and shared workspace
Toolbox Selection for Planning Support to:

Plan viewing and Editing, Logistics
Wargaming and Simulation Employment
Crisis Action Planning Deployment

DART--Dynamic Analysis and Replanning Tool
Deployment Planning
Course of Action Selection and Transportation Feasibility Estimates
Based on Asset Allocations and TPFDD Modifications
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Theme:
In the march from research to a useful product, either purely military
or dual-use, a significant development effort must take place. A
number of highly promising ARPA programs are at the stage where
they have already demonstrated major technical advantages in the
laboratory. The time is ripe to focus these programs toward those
unique developments and/or demonstrations that will lead to new,
significant military capabilities or dual-use markets.
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Broad ANea Announce.ment or Request For Proposal in the second
quarter of FY,95 for the PLS - Personal Location System. We
successfully develorped a Global Positioning Systamn Multi Chip
Modulo which is available for purchase.

A Request For Proposal for Phase H1 of the SPEAKEASY is planned
for release in tte first quarter of iY95. i

A Broad Area Announcement was released for the Command and
Control Information System. This is a new start that is focused on the

challenges presented in Early Entry.

KU



A primary MSTO thrust is to provide widebwid access to information, analyses
and telIeconferencing to the mobile and sea-going forces. These forces have
traditionally suffered from a lack of high banci~width and availability restricted
connectivity. Emaerghig sysftem requirements 1equire that ba-ndwidth; tho
capability miust be provided.

Through adaptation of ATMISONET/BISDN, connectivity to global systemns is
achievable and is being pursued.

ma '1 1 i A
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Thraesinfcntehia lalne in cre ating robust synthetic

for calculations or for displays, will he the limiting factor in making the
environmenats inure realistic. The research program is geared towards obtaining
a better understanding of what effects, and at what resolution, are operationally
relevant.

For exaniple, does each simulation entity need to have a clumplete worldl vkew?
What is the architecture that would allow, for example, craters to be effected in
I.real-time to all participants? Or simply to all interested particip~ants?

Our approach for the long-teran will be to demonstrate certain capabiidmes; only
L~~in selectedS portions of the btlsae



ADS imnpo,,csuaiique requirements on infumuintioii tsruisfer and networking
technology, due to the real-finne nature of tho sinuilation and to the. high.-
resolution, 3 -dimensiomil visualization capaibilities,

F ~The technical ctialleiigms are significant. For example, a theater-level distributed
simulation exercise may involve 100 times the. bandwidth ibat STOW-
rcquireo, while maintainings;tringont perceptible, reak-ime performance,a
stringent requirement.

The requiremwit to provide dynamic, multicast routing of the simnulatioim traffic
mnight also be necessary, yet with the added, requirement dhat only conunierciallyL ~viable equipment and comrmonlly ac(epte~i proto:,ols be ttied.

'11.1c. s m, .;I evar,.ice r"10 Au~v tl Up.. . ".-UAl'e aenv....ironmen,
rather that si stm-ih eurt levels, without imposingsinfct
degiadations onthe netork h roughputg.tian

Finally, the commercial market for informnationi and uetwork technologies is
4 ~much hurger tliat that served by De~fense applications of' AD)S. So %we must work

4o levcagc these other in vestmen1ts towards satisfying the lDelcmise, simnidtoiain



The numbersofurssinrangdutiay.Ihvhdsoipepebjc

observtinumthis grpocofe 0 users innresn 1993icll. As oflaavonhe hadsnc1ele oldec

moure thani 70M copies, of MS-DOS and mnure thani 4UM copies of'Windows.

The inarketa in China. india, South America, and E~astern Europe are just
beginuing to open. Thus, 1 don't 'think the projected number of -500M by 20 10 is
going to be off by a significant margin.

One point to be drawn from this exponential increase is that as tile number of
users increases thle number of diverse applications will increase and we need
moure rapid meatis to develop applications that meet users nieeds, if they are to

4 realize thle productivity increases that computers canl deliver.

T]he second treaid of interest is the decreasing1- extent of what I've called
Traditional Computer Knowledge, and by which I mcica, knowledge of thle
unrderl yin g beha vior of co0 mputers, operati n g s yst'ins, : nacih i ne lan gu ages, evei
traditional prograwnnming languages . Its readily arguable that thle 2 most widely
used "progranuiiling languages"today in termns of the number of people using
them are tile macro laaguages in Lotus 123 and Excel.

To the extent that users know less and less about the underlying mechanisms of
computing, thle pyeiter thle need tu make their interaction imore closely represent
familiar terrain ini lerms of pr~esentationi of the task and mode 01 intoraction.

These trenids reqjuires a new generation of intelligent, user-interaction
developownt tools to rapidly dc'1 cio01 natural, solution-focused, user-application
interactions and inure natural, Ness intrusive niechanisins of interaction
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The focus oil hunmaii-conliputer interaction is ill liarinesshlig the compute power
Lto deliver users solutionis. People need solutions not tools, and too often they
are provided toots.

Virt~ual reality & hlumlan language technologies..

Application Models: Spreadsheet, Database Access, Word Processor..

Coninectivi ty: Isolated, lzzterliet, Local, Distributed..

Contextual Informuation: Meeting Chair: Co-located, Routine Plannzing
Mgt., Inform Search, Training..

D~isplay: Wall, D~esktop, Notebook, PD)A, Wristscreen, .

Gesture: Hand, Pointer.

Modality: Visual, Auditory, 1 Laptic..Sibad.li~lQ.
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The vision for tihe liCl program is to make hum,m iuterattion with computer
systems tfoused oi .intuitive use directed towaud ieal cad-user solutions, not
WIMPs.

And to incorporate intelligent behavior into applications in support of user's
goals -- make computers more "user literate."

Finally, the vision includes the application of technologies fIo(m flthef'
programs within our office to support both software developers and users to
realize this vision, and then to deliver demonstrations of this vision in lprojects
initiated within SISTO and in our sister -fties.

I)I



Thlu. bottiecieek to irnprving initeractive usefulniess ot emputei-~based
sysitemls increasingly lies not in performing the processinig task itself, that is tile
underlying bit nurnipulatiozi, nor in act.ual data retrieval, but in communicating
r equests and results between the system and the user.

F-~aster, inure natural and convenieut nieaus for users and computers to
exchange iiiiuiuatioii are needed.

iDiscowi.-inty and prolitkrating those more niatural and convenient mneanis is the
task of the 11(21 program.
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The focus oil liutniaw.e-oiputer inteiiautioi is ini harneLssinlg the comlpute power to

[ ~deliver users solutioiis.

People nieed solutions not tools, anid to) oft~en they are p~rovided tools.
Vir-tual reality & huinwi language technologies...



Cliaraockrizes the~ dual thruszt of the~ ARIPA lIICI prograin -oU(e towai J
deve1opers, the other towaid eind-users

-Ij I I ' I



Here we see an exwamplu of a scenario supported by work done at MIT buildhig

on~ work support,,-d by the ILT program.

The user stands ;nm front of a large screen display with no keyboards, boxes or
monitors insight. Speaking to the sxcenz, the user asks seeks infoirmation using
spokent questiol1s. Speech recoguition, natural laniguage technologics wW. speech

I' synthesis are Us"'d to support the user's ability to access inftormation from a
variety of networked databases.

ru ~~Airline. reservation inflormnation, map-lImsed weather informaution, and dietai led
directions for- local truLVCl.

it des ot equire a great heap) of the imagination to envision use of this
technology ini a military command and control center, or a Civilian crises
mianagemnent muilieu.



In sumniauy, ARPA i; developinig the architectural structure and tools
necessary to promote the information requirements for the future; for the
military and other DOD, and with application in the commercial sector as
well. Potential niar (cmiii opportunities ini our information techntology arcas is
shown here.

In SISTO, future expansion to the reference architecture, the implemnutation
of the AC ),ad of the Loisi~ nhr(ekare opportunities.

In MSTlO the wideband access to the seagoing and inobiie forces i,; an area of

Iii AS'fO, the PLS, Speakeasy, and the C21S all offer potential

This list is not necessarily all inclusive, but does denote~ the areas of current
emphasis. Industry plays an importanjt part in (lie ARPIA development pr~ocess,L~. Ne!w thoughts in participatinig in thiese; or othlmr areas of the ARPA
developnment environment are always wolcome.

ýWIiII -wl
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Multilingutal Command ann Control -- We have begun an initial sortie into
this area by funding a study and coiicept demonstration of speech-to-speech
language translation for battlefield coordination of multinational forces.

Total Information Integration --This will dem~and speech understanding and
text understanding technology to support communication of information with
people who are not specialist, in information technology. They must be able
to communicate with information systems without the need for specialized
training. Examples include field troops, logistical supply clerks, medics, and
everyone else involved in coordinated warfighting.

Automatic InformatiGn Acquisition -- The intelligeiice analysis problem is
today a daunting and frustrating task in coping with data beyond the bounds to
process. Tomorrow promises such a glut of information that our ability to
profit from it will go to zero without a means to acquire information
automatically from natural language text.

V ! II
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TRE C - E~valuationi ofdocumnent detection baiAed oin text processing using natural language

queries.
MCEvaluation of inforniaton etractio;i fromn text.AMUC - i31valutelion of fully automnatic machine translation of text.

CSR - Evaluation of Continuous Speech Recognition.
MIS - Evaluation of Spoken Language Understandin~g [or Air Tfavel Information Service
database tiueries,

Pro,~uct development efforts go far bevend wvhat is possible to idenitify onl this foil. ARPA
contractors are involved with many dif~efeiiL.applications of lIT using ARPA-sponsored
technology. Th'le appl Icationsq idenitifed here exemplify the kind of impact that the ARPA lILT
program is rnakhng:

The Sprint long distance vo.ke uclivaled cilliuig curd evol ved from a speech technology
effort at Texas Listrim~rents. ARPA funded T1 to develop robust spemch recognitfion
technology [mom 1984 through 19Fl7. This was then used to address Sprint's needs for robuist
speech pioCessing over teltplionmc Pries, starting in 1988.
Apple~s si*~ech ~ecitnologry effort, which is now Iwoducing emnbedded speech recognition
products hin Apple co.'u:,utcers, began wben Kai Fu Lee "graduated" froin the ARPA speechI ~recognition program at CMU mnd oiv,;d Apple.
Humuni/Computemiinte~ractiont: 'J'here arc many upplicatiii areaslhere. Of these, the effort
at 131N is no,,le lxýausc of its applicatioa to aviatiou safey B aetolr)rnst
extend comlpurter awareness, by recogitiziag controllers' aircrat idemitilicat ion and by
monitoring radio voice. connuiuzicatiomms and) identifying and clkssifying ATC activities.

Ilarders HLT is a vast cenkp~rical problem: llii'maicbles of inunenasely complex and hidden
models; Training C'ompleIx Models requires hugh knowledge bases. Intercennected and
interdependent hwels otr relpresentati(,a: Correct speech recognitioni requires speech
understanding; Correct text undlershionding requires domcaini knowledge.

Approach - Capitalize on expotenttiul growth computer power and itieniory: Statistical modeling
I ~--automatic Iraining of iery large inodeP;; V'v~t shared resource,, -- corpora, tasks, mectrics,

evaluation. Obj'.-ctivr~-driven resetuch: Application-focused lechinicH' taqks; Yearly cycle ofL .7 formal evaluations.

1 11 1 9 1
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Chlaracterizes the path from relsearch through system integratioli and test to

transid~oning of the technology into operat~ional demonstrations and test bcdis

jvrtie



The LingaisV. Data Consortium was created by a grant from ARPA to tile
University of Pennsylvania in 1992. The LDC has since that time provided
major suppoit to ARPA and to Lhe larger language technology community bý[ ~supplying tho linguistic resources required to perform modemn statistical
Coilus-based language tiecimology development. LDC now has almost 1 00
members world-wide and stands as a major asset. in U.S. leadeiship in language
technology.

ARPA lias also been highly successful in transferring technology to ~iadustry.

IM:II : IMM-
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LNew Tehnlology Initiatives
Speceli-to-Speechl TranslIation

'Text Proce.ssinig
Voice Automiated Telephone Trans~actionis
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SAGE is all ex~ample initelligenrt systein spons~ored by the IICI progfram. SAGE
auoa~t()uically displays data ill ways that mlaxiliize tile iniformaition Conltentl fr
comphilex, muulti-dimieisioiiaI dta

IIlustir-itioii of SAOE systerus capability to genureru inearinoful displays, from
compkillex data souies Th fhiigure at the top is a clastie of information
comnpression des8cribinmg Napolcaxn's zarcli on Moscow. The figur-e onl tile
bottom wa~s automatically genierated usinig thie SAGE systemu



ARM

A revolution has occurred in tile electronics indusjy that is resulting ill a

broad range of low cost, high perfirmanclC electronic systems. Power

dissipation and component manufacturing complexity awe severe coistraints on
existinig systems and present sign~il'icant barrietrs f~or inc,'eased periorniance.

ARIPA has iiiitiat-d a core prograll ini Low Power Elecu'onics to create am

inthzLtructure ton urmt)unt these barriers. Low Power' Electroniics is ail
ipllort,'it eW81nicut of the Clectroiuics industry and perhaps the area of greatest
chaingo alid opportunity, This briefing will sunmunaizo the ARPA Low Power
Llectromics Program auid present wn approach for desigi coupled

mianufacturing tha't will siLiliticantly reduce m iuuhfacturing complexities.

.... .... . ..... ... .... .. . .t.... ...j..J. ---- 1 ----.A -..... .. ..... "
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The objective of the ARPA Low Power 1-0,1etrunics program is to

10 .'Nýýenable the production of electronic systems that dissipate tw~o orders
of miagnitude less power than use of conventional tochnology would
allow, while maintaining at least p~arity in performance met~rics Gm~.,
clock frequency, bandwidth, noise margins, etc.).

Synergistic imiprovemient8 in multiple tuehnology areas will be
nueded to achieve the goals of this program. Imjprovometklls in
materials and device technology must be coupled withi uik'tivu d~osigii
and power inanugemlent tools foir efluhctive powver driven System
development. The resulting technDology Solution m1ust denions11trahte a
viable avenue to cost effective manu1fict-uring and muit be broadly
available to the industry.

1!on
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A Tbli trond in mniniaturization of personal systems iH clear. Sytitail
volume haii docreased by about 50% evoy 5t . yerwt a t e
equivulont functionality and in many ciwos mulmrior funcetionality. As
thiki trond continueb-, the demandsi placed on the oemiconductor
clucMtrouice for theso systems will necessitate timnew. ufuactur~ing

paradigms and tochnololý)ic.~5

Thesae trendsi altio place a promiuni on low power strikteg',4.

E ffective development, of low power technologijes inuas include a
continercialization plan to sustain~ the resulting technology buso.

I,:
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T'i'o:wo oy8ton1 tronds are a raiult of dramatic iniproveun~zts in
componont manufacturing and porfurniance. Wo have reached a
point in the proeees that the device goomotrios are approaching, the
expusure tool wavelength and the filiv thicknas8we arc approaching
the electron tunneling limiits. The cAllenge i8 to supp)ort thiese
requiremnents witho~ut sigal.if antly addivng to the manfufacturiig

compexiies



T'his photograph is a cross-sectional view of a leading-edge microprocessor,
the PowerPC RISC chip, illustrating the ever inereasing complexities of front-
end and back-clud processing.

The manwufacturing trends are clear as are the challengos to producibility.
These challenges include the ability to incorporate 100 million interconnected
transistors, 0.1 jL1u features, 700 caP chips, and perhaps a thousand process
steps. All of these requirements must be met within the manufacturing cost
constraint of several dollars per square centimeter.
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The trends in power dissipation of commercial microprocessors
illustrate the drivers for the ARPA Low PGwer Electronics program.
Power dissipation has nearly tripled every 3 years as a resul" of
increased integration.

There are two lower dissipation limits which impose barriers fo:
hand hold commercial electronic products as well as computational
driven scaleable computing systems. In the portable-limit, it becomes
difficult; to carry energy for systems which dissipate more than about

6 watts, In the package limit, it is difficult and expensive to palckage
electronics that dissipate over 30 watts. These electronics require
external cooling, heat sinks, and special packaging technologies.
These barriers apply to scaleable computing and desk-top systems.

"o,



Low Power Electronics is perhups the fastest growing eiectron-ce segmaent and the
one which offers the greatest potential. Industry has identified this and Js following
a strategy to mijet tho demands of the portibc, market. For examnple, there is a
trend of decrer.sing pcwer supply vctages as dnvice channel longths decrease.
Scaling for constp.nt channel electric fields can praserne devicr, performance and may
also serve to reduce power, although this is totally dependent on the number and
functionality of the devices within arA IC, which will increase as linewidths decrease.

In developing an investment strategy for low power electronics, areas of major
development activity may be classified into two categories: architecture independent
sa d technology independent. The first category concenixates on the material and
physical implementation of a crcuirt design. In. this area, industry is already
following a trend toward d• ising power supply voltages with conventional CMOS.
The Semicornductor Indutx,. Association technolvgy roadinap prudicts 1.5V
operation will be needed by the year 2001 for portable products. It is possible that
integrated circuits with 1.5 volt supplies may be developed in a scaled CMOS
technology. For a number of reasons however, it is unlikely that CMOS can be
extended much below i.5V. Here, fully depleted SOI materials and device
structures will have a dramatic effect, allowing power supply reductions to at least
IV and probably lower. SO] is still a high-risk technology, so industry has net yet
totally embraced the approach. Material defects must be reduced to improve the
material to a point cf maturity. Furthermore, a robust material supplier
infrastructura is required for industry to seamlessiy transition to a new technology.
Process control for threshold voltages and gate oxide thicknesses must be
demonstrated in thin films that support fully depleted devices. Modeling tools to
predict SOI device behavior and reliability will be needed also.

in the technology independent area, industry has developed some techniques to
prolong battery lifetimes, largely through activity management of functional blocks.
These techniques are often ad-hoc, point solutions that have little application to new
Sgenerations. Circuit designs are also rarely optimized for low power. Key elements
of the Low Power Electronics Program are to develop CAD tools to answer poweri
performance trade-off issues and optimize designs. Power management techniques
that are rigorous and include efficient and accurate oower dissipation calculations
are likely to he developed.
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The strategy to meeting commercial producibility demands is two.-
pronged. On the design side, extensions of CAD tools must be
developed that support high speed circuits, higher integration levels,
low-power, reliability/manufacturability, and new technologies.
Currently, CAD tool developments are mainly driven by A.SIC
prodtcts. In the future, these tools must be extended to random logic
and analog, as well as monolithic integration of novel technologies.
On the manufacturing side, software and CIM tools are needed to
allow faster integration of process equipment, in-situ control, reduced
process development times, and increased factory flexibility.

Advanced simulation capabilities is one of the key technologies here.
A complete capability to accurately and rapidly model the
perfiOrmaniit, paifametric sens-itivity, fLunctionaityjM reliability and
manufacturability of an electronic component is critical. A powerful
design environment such as this might support all phase, 'if electronic
design and production in a hierarchical fashion, from manufacturing
tool design, to unit process, to process integration, to factory modeling,
to product performance modeling.



AppilL.ations

PorfabloSoilable
Electronics Wireless CormojullnoI'I

Materials and process tochnology are the foundation of the ARPA
electronics programs. Applications are emerging that will drive low
power semiconductor technology from the top down, producing an
infrawAt ure and knowledge base to design and produce electronics
with orders )f magnitude of lower power and higher performance,
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A. sysitemns approach -o power distribution and mana ff- ment will be
needed to integrate multiple functions and technologies. Portable
systems will conslist of a battery and a number of subsystem,,;, digital,
an-alog, and mixed signal, that may require multiple power supply
voltages and currents. An advanced energy,-dense, battery of the future
may have terminal voltage of around 1V. Efficient, well regulated d~c-
dc converters are required to convert the- batt.ery voltage to th( '-avel
needed by various ICs in the systemn. Switched capacitor conlverters
are an attractive approach, but their effects on sensitive low voltage
ICs must be studied.

Power management must be implemented in both active and passive
forms for maximum impact. Passive techniques are useful and are
used frequently in present products. Examples are sof'tware extensions
that stop spinning up hard drives after no dnive access has occurred in
a given time interval, or monitor dimmers that do the sarne. Active

management is an approach that could have a inuch more drastic efflect
on system power draw, but the implementation is v(-,ry difficult, Active
management refers to shutting off power to parts of a sub-system or
even parts of an IC dynamic Ily to achieve the largest possible power
savings. Of course, the impact of additional hardware or software
necessary to implement these functions must be traded with the power
gains. It is possible that certain material technologies azid circui"
architectures are better suited for active power mnanagement than
others and must be considered during system design trade-off studies.
This also underscores the need to develop rapidi and accurate power
estimation tools.
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inMobilepandprtable intbrnuation systems wegvic~dontnu tomb ieproiionaryodrivernfo

navigation procuosing, wirole~fi communlication) are self-limithig in ternis of
Ili, iýJproccessing speed and throurgb put. With no computationtal advantage to be gained in

these applications by additional increases in procesoiog speed, power consumption

czan be dramatically reduced with circuit arcaitectures that maintain a fixed
performance and are optimized for low power consumption.

Anumber of generic circuits arid architecture bas~d app-)aches have beer,
identified wbich may r "sult in significaitt power reductions.i. Silice power dissipationi
is directly rala44id to node transitions, attractive approachies might include optimizing
Jogi~ atructurou for reduced activity and optimizing memory access operations.
Dynamic clock 1'requency management mray be used to supply computational
thrcughpuL that exactly watches demand. Parallel arid pipelined architectures may
be utilized in oome instances to substantially reduce power without any negative
fimpact on perforimance.

I ~ Dynamic activity management techniques may provide the capabilities to shut off
portions of iub-systems or ICs that are not needed in current or impending
operations. To avoid iinpading systom response and ergonomics, this approach may
require additional hardwace and software, but it has a tremendous potential to

reduce system power and is totally independent of imiplementation techniology at a
certain level of granularity. Rapid and accurate power estimation tools and synthesis
design aids are required for unambiguous design trade-off studies. Efficient low
voltage, dc-dc converters are aiso required. Some novel ideas to recover energy from

t node transitions such as adiabatic switching may be attractive and could be used to
reduce system power consumption.

The ARPA Low Power Electronics prograin will consider these approaches and the
development r-isks which may inhibit productization and widespread implementation.
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The Low Power Electronica program will significantly accelerate
low power materials and device technology. The mainstream
materials technology for this program will be based upon fully
depleted silicon on insulator (801) technology for reduced power
dissipation. The advanced materials development will include
advances in material preparation and qualification and will result in
a mainstream technology base which supports lGbit DRAM
integration levels. The materials technology goal is to be scaleable in
both production volume (up to one million wafers per month across
the industry) and w afer size (up to 400 mm diameter wafers).

The resulting device technology will focus on the development of
manufacturable scaled silicon CMOS structurns at integration levels
of greater than 5,000,000 usable gates which demonstrate
subthreshold leakage current less than 90mV/decade. The program
goal is to develop a low power device technology which can be
seamlessly inserted into conventional bulk CMOS fabrication
facilities. This developed device technology will include the
demonstration of a viable manufacturing strategy with the
appropriate process controls to achieve competitive wafer processing
costs to bulk CMOS.



Silicon-on-insulator (SO1) material technology has several

04 compelling advantages over engincered-channel scaled CMOS
structures. By making the silicon thickness very thin, under 600A or
so, the depletion layer extends entirely through thle active area (fully
depleted) and drastically improves the electrical characteristics, its
cump.gred to conventional CMOS or even thick film (partially-
depleted) S0OL This resulting performance is best demonstrated by
the subthreshold leakage current.

- Thle best CMOS devices have subthreshold slopes of about 9OmV/
-~ decade of drain current. Fully depleted S01 devices have

subthireshold bflopes under 65niV/docado, approaching thle theoretical
limit. The smaller the subthreshold slope, the greater the difference
is between the drain current just above and just below the threshold.
The sharper the transition, the better, especially for low supply
voltages where the dynamic range is limited. T'he resulting SO!
device clearly can operate with lower threshold voltages than the
conventional CMOS device. Below threshold, in the "off" state, the
S01 device can conduct two orders of magnitude less leakage current
than CMOS. On the other hand, CMOS channels may be engineered
to reduce threshold, but this often results in greater subthreshold
leakage, reducing the advantages. Alternate gate metallurgy may
ameliorate sonie of these iss ues, but there are difficulties in
integrating those exotic processes with the mainstream.
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The ARPA Low Power Electronics program is planned to impact
four main areas: materials, devices, circuits, and power management.
A number of' applications are initially planned to drive technology
development and quickly begin the transition to manufacturing. It is
hoped that the program will involve participants from all areas. It is
clear that both customers and suppliers must be involved and they
must support the technology development effort in order to create a
demand. A number of subtopics are shown under each technology
area. The list is by no means exhaustive, but it is an indication of
the critical areas that have been identified. This program will.
develop and support the critical technologies necessary to enable
leading-edge manufacture of semiconductor integrated circuits,
exhibiting high integration levels, great functionality, high
performance, and extremely low power dissipation.
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Thie Low Power Electronics program w,.1l require efyfective coupling to
a desigri-coupled manufacturing environment. Seamless, efficiont
information excha-nge between powerful framework!i nd the
manufacturing (JIM SYAQtcm Will On able this new para.digin. Specific
IC designs may be compiled from, reusable libralies, Laieii passed to a

I ~ device engineering frainowork that checks design rules against
physics-based constr~aints, simulates performance and functionality,
and also provides guidance on manaufacturability and reliability.I ~These simulations m-ay then be used to update the libraries and also
be imported to technology development tools, where processes and
recipes are determined. These recipes may then be stared. in libraries
and reused. The (JIM system integrates and coordinates all activities
associated with the factory and works to ensure that each wafer lot is
proco,3sed in an optimal mannier with no mistakes in the recipes. vhe
faictory in turn provides a manageable set of data hack to the
technology, pro(;ess, and device development frameworks to update
models and assist in parameter control.

This is a very powerful environment for future manufacturing. It is
I ~structured to meet the needs of both commercial and niili tary markets.
[ It rep-.esents a key paradigm shift toward optimizing the cycle time

necessary to produce a high mix of products on a single manufacturingr line. This ability will serve to minimize the risks in construction of
new fabrication facilities and will allow much higher equipment
utilizations and longer factory lifetimes.



Good morning. My n~ame is Bob Le-heny. I ami one of ARPA's programn
mniangers for Optoclectronics. My objective this morning is to provide you

P. g with an understanding of the vision and direction of ARPA's programn on
Optoelectronic Producibility. This programi is managed principally by Aiiis
Husain, who could not be here this morning, so I'mi standing in for him. I hope
to provide you with a summary of our pl)annfed, near termn opportunities for
industry participation in ARPA's Optoelectronic Producibility programn.
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The optuwceictozucs p~ograrn at ARP1A spians doec offlces. Those within thleV ~~Miciocieetronicsi Tcchlnology Office (MTO) are listed hecre. Anais iuah'
V programn for the most patiL has aý oear ternin focus which is the sulbiec of this

rnoraiuig's piescmtation. My program sii rnlne ri eearch, which
I'll bc discussing this afternoon, to a joint progrmusupport'Iing, Broadband
Communicatious Infrastructure lechiniotogy discussed lby Bert H ui in Tuesday

moxrn~g's session. Brian Hendrickson is responsible for the. Trajvsitionjing
Optical Processors into Systemis (TOP-S) program, the focus of which is self

I.technology. Ray lhilcerak is resposwlo fov the infrared sensor programs and
willb discussing these in greater detail this, afternoon,



Examples of the first wave of advanced, portable electronic
products are now beginning to reach the marketplace. These
examples include: a world-phone, a combination pager and e-mail
reader, a digital assistant, and a personal navigator. A combination
of these devices have recently been prototyped or placed on the
market. Advancements in key technologies have enabled such
functionality. However, as innovative as these products are, each isV ultimately limited by power dissipation.

In the near future, vast new markets will emerge for this industry.
They will be driven by continuing advances in process technology
"and an emerging generation of low-power integrated circuits and
device tec1rologies. The ARPA Low Power Electronics Program,
coupled with management of manufacturing complexities, will drive
the leading-edge technology development and deployment for these
new markets,

mu
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Rcspendirig io market predictions, the optoelectronic components industry is
[Iready to gear lip to meet thie needs of the vaious applicatiok ncld,

Telecom aind Datai~on as shown liire. ARPA prograrns are in place aimed at
demonstrating how o 'tco-technelogy can eulhance performance for these
applica-tions that are eApectcd to create signilicmnt demniud by the end of this
decade. It is therefore important to begin investing ini the necessary
infrastructure required ý'o support this industry today. One approach being
explored is to adapt the tools already deveiopec (o mneet the ncveds of Filicoin IC
manufacturers to opto-inamufacturing, Eixaumples include CAD/CAM. precision
assemibly, wafer level testing, comlfl~ete module testing, etc.
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Spring Loaded
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This ARPA project illustrates the strategy of building a team of suppliers and
users of tech~nology for Iow cost-to-manufacture fiber in the loop (FITL)

transmitter/receiver modules. GTE and the University of Colorado are
providing novel packaging technology, Lasertron and Digital Optics are
providing component technologies, AMP is the program manager and systems
integrator, and BroadBand Technologies is providing system requirement
experience.
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The program dircctions outfined in this talk are summarized here. The major
near term focus is on serial and parallel links and short wavelength sources for
optical memory access.
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ARPA continues to make significant investments in optoelectxonic technology
for information processing at about $40 million/year.
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The design cycle for development of optoelectronic modules is illustrated here.
It begins with the initial device concept, through CADmodeling and layout of
device structure, through manufacture of the starting material for fabricating
the device, through on-wafer testing, through packaging, to final module
testing. At any point a bad result can lead to redesign. It is tools of the type
illustrated here that need to be developed to establish a manufacturing
infrastructure to support optoelectronic module manufacture.
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OpticalFiber

Sleeve

Holographic GN

opiaelmnt illustatiod here.A low cost aakgnd istruhteauseyo the holgnraphis

optical element illustrated here. As a low cost and easy to align lens, this

holographic optical element relaxes the sensitivity to relative positioning of the
fiber and laser when coupling the output of a laser to the input of an optical
fiber. The chart illustrates the benefit that can be obtained when the
holographic optical element is used.
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It is widely r•,cognized that the US is a major innovator in optoelectronics
technology. The challenge is to increase investment in exploratory
development and market research to link the transfer of research results to
manufacturing. Progralns that link university and national lab researchers with
industrial labs provide one means to transfer research to industry. What is
critical to complete the process are programs aimed at demonstrating the
advantages of optotechnology that link producers with users. These programs
offer the mcans to create real market demand for optical components.
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Here we illustrate the range of DoD specific applications of optoelectronics
technology: Efficient low loss, light weight analog raic-rowave and radio links
to optoelectronic sensors; From. high speed optoelectronic signlal processors to
low loss, low dispersion fiber links, to digital processors and data bases; and
from optical links across processor backplanes to the final display systein,
either a traditional terminal or an advanced helmet display system.
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The ARPA Optoelectronics Producibility Program is aimed at addlessing the
tech transfer weakness previously mentioned .The strategy is to create
vertically integrated teams allying Producers with Users. The objective is to
create User awareness of optoelectronics capabilities, and in the process,
generate market pull for technology while it is still in the research and
development phase. Specifically, the goal is to create flexible manufacturing
capabilities and develop the infrastructure required for a hecalthy
optoelectronics industry, Including tools like Opto-specific CAD/CAM,
merchant epitaxy, precision alignment, and automated test equipment.
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Optoelectronics, the science and technology of light generation, modulation,
transmission and detection, plays a crucial and pervasive role in miany DoD
and commercial applications. Yet, after a decade of decline relative to the
Pacific: Rim countries, the US has only a minority share of the wcrId market in
this technology. Juring this period, ARPA has invested 3fignificantly inI research and development of optoelectroniz components and in supporting
system field trials aimed at demonstrating the advantages of optoelcctronic"ý.
These efforts by ARPA are widely recognized. Yet the weak link in reaping
commercial reward from this invt.stment is the transitioning of research results
to manufacturing. This tech transfer problem is not unique to the
opt(.-electronics industry and a major thrust of our optoelectronics

~. producibility program is to overcome this problemi.I~--



The Defense Sciences Office (DSO) and the Electronic Systems Technology
Office (ESTO) are the two ct..er ARPA offices with significant optoelectronics
activity. The topics of their programs are listed here. The principal DSO
programs are Broadband Optical Networks (Bert Hui), discussed in Tuesday
morning's session, and three dimensional holographic memory systems (L. N.
Durvasula). Programs focused on display technology reside in the ESTO office
at ARPA Ad there is obvious interest in optoelectronics as it applies to display
applications. Dave Slobodin and Mark Tartney are the responsible program
managers and Mark will be discussing some aspects of their programs later in
this session.
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IN etoonrnt 93% Area Reduction

Multi-chip module technology offers a new paradigm for interconnecting
components with minimum overhead in terms of area, volume, weight, signal
propagation delay, and opportunities for failure. In the example shown, the
conventional circuit board (top) contains three digital signal processor
subsystems. The multi-chip module (bottom) contains four of the same
circuits in 7% of the original area. By shortening the path delays between the
ICs, the clock speed can be mere than doubled using the same chips. The
result is a 40 fold increase in functional density.
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Multi-chip modules can eliminate a level of assembly and the associated costs
and dramatically increase the amount of functionality in a given sized module.
New assembly technologies that allow electrical connections over the entire
surface of a chip, rather than just around the perimeter, can yield a an order of
magnitude increase in the number of signal c:onnections to each chip. The
reduction in the number of solder connections directly translates into a
proportional increase in reliability. The shorter, more ideal, signal paths also
reduce power consumption and electro-magnetic interference (EMI) emissions.
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The potential market for this new techniology is projected to exceed $10 billion
before the end of the decade. More. importantly, somne estimates of the market
for products enabled by this techniology is projected to exceed $100 billion.

77,)



6

whc olInitially, the market driver for MCM technology was militaiy application~s

k whch culdafford to pay a premium for perforimance enhancement or size/
I ~weight reduction. HN-owever, commercial markets such as ccumputcrs and
A. telecommunications, are growing mauch faster than the military market and by

If the DoD is to fully benefit form the economies of scale brought about by thle

lag commu-ercial markeQts, it is essentVial that there, be an integrated domrestic
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V ARPA's packaging strategy is; dvsigned to re-establish US leadership in the
I packaging technologios that will make make a critical diff-erence in military

and commercial products. This will be possible by exploiting the paradigm
F shift to nmulti-chip module technology and leveraging the common
Ir requiremients of our computer, telecommunications, automotive, and aerospace

industries to establish an integrated domestic production base.
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The objectives of the ARPA thrust in electronic packaging range from the

initial invention of new packaging approaches, to the infrastructure to make

them widely available to systems designers, to the manufacturing technologies

necessary to make them affordable for a wide raage of applications. In

parallel, we are developing innovati ve applications which exploit the new

capabilities of the technology and working with industry to create the

production ba;e necessary to supply military and commercial users.
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This chart shows the range of projects included in the ARPA program
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In 1990, the primary barriers to the use of multi-chip module technology were
availability, cost, and compatibility with next level assembly and test. The
Application Specific Electronic Module (ASEM) programs objectives are to
reduce the non-recurring engineering cost and time to design a dozen chip
MOM by an order of mnagnitude to $25,000 and one month respectively and
have it work the first time. The program includes merchant foundries, design
and test software, flexible manufacturing equipment, infrastructure, and
systemns insertions.
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This chart shows the structure of the merchant Application Specific Electronic
Module (ASEM) industry and the participants in the ARPA ASEM program.
The organization is modeled after the structure of the Application Specific
Integrated Circuit (ASIC) industry.
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The total ARPA budgct for Ele-ztronic Packaging & - crconnect has grown
fromn less than $20 million in fiscal year 1991 to over ,100 million in fiscal
1995 including funding from the Technology reinvestment Proj ect, As the
technology matures, the nature of the ARPA investment has shifted from being
focused almost exclusively on new techniology development to being balapced
across new technology developmenE, flexible access, manufacturing, and
application with the biggest share going to manufacturing cost reduction and
application development.
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In fiscal 1995, ARPA's packaging thrust will continue to emphasize low-cost
manufacturing and the app.ication of advanced packaging to new applications.
As the technology matures, we will be. taking on the challenge of integrating
analog and digital circuits in the same module such as needed for wireless
digital communications. In a related program, the Electronic Systems Office
will be starting a new effort on Electronic Systems Manufacturing. This effort
builds on technologies developed under the Electronic Packaging and
Interconnect Program to address higher levels of system assembly. The
primary areas of interest include board level assembly, precision
electromechanical systems, and system level physical design such as needed to
nmanufacture hand-held computing and communications devices.



The ARPA packaging thrust involves supported by program managers from
acros3 ARPA. Dr Nick Naclerio in ESTO coordinates the ov'.-ralI effort. The
roles of other ARPA offices and program- managers are shown on the chart.
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Good morning. In the next 20 minutes, I will discuss the three ARPA
nmicrowave and millimeter wave solid state technology programs. Two of
these are in progress: the Microwave and Millimeter Wave Monolithic
Integrated Circuits (MIMIC) program and the High Density Microwave
Packaging (HDMP) program. The third is a new program that we will be
starting this year called the Microwave and Analog Front E[d Technology
(MAFET) program. ARPA works with the, Army, Navy and Air Force in the
management of all of these programs. The programs share the common goal
of making microwave solid state products, especially ,nicrowave monolithic
integrated circuits (MM1Cs) and modules containing them, available at an
affordable cost for use in a wide variety of military and commercial systems
applications.



This chart shows the appcoximate ARPA budget allocated far microwave and
millimeter wave solid state technology over the next three years. MIMIC will
end in FY 95, HDMP wa~l continue through FY 97 and MAFET through FY
99.
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First I'll say a few words about the MIMIC program. The MIMIC program is
now entering its fInaL year, Since its beginning, its primary objective has been
and continues to be the developmznt of high performance, affordable, and
available microwave and iniilhima4r wave techqiology for buiidiag electronic
systems. Program products and processes continue to find increasing
acceptance and use in a wide variety of both mi-ilitary and comixiercial
applications.
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The MIMIC program has established a solid infrastructure for microwave monclithic integrated
circuit (MMIC) technology, It is comprehensive in nature in that it has focused upon putting into place
required technology and manufacturing capabilities in the six technical areas that have the most critical
impact upon cost effectively producing, testing, and packaging MMICs that meet DoD system
tequirements. These technology areas are: materials (principally gallium arsenide and other 3-5
compound materials), device technology, computer-aided-design (CAD), manufacturing, test and
packaging. All of the work undertaken under program sponsorshir in these areas is oriented toward
affordable manufacturing of MMIC products for use in as many RF system applications as possible.
For this reason, system requirements such as changes in specifications for performance, cost, size,
weight, and reliability are. constantly monitored aid, if necessary, appropriate design modifications are
made rapidly and inexpensively.

In the subst.'ate materials area, overall crystal sizes have become much larger over the course of
the program. Gallium arsenide wafer diameters have increased from 2 inches to 4 inches at many
contractors. In addition, the number of wafers from each crystal or boule is over 100 instead of 20 to
40. Six inch diameter material is now becoming available in limited quantities. Even more important,
wafer characteristics and uniformity have dramatically improved during the past few ye~ars.

Another major focus of the MIMIC prograru has been upon die development of advanced
"computer aided design (CAD) capabilities. This effort has yielded enhanced design tools and
improved circuit models. Software libraries of design microcells developed under tie MIMIC
program at many participating contractors have become available for use in computer aided design
systems. These new, expanded microwave circuit libraries make it possible to achieve further
significant savings in the cost and time of developing MMIC circuits.

A va'iety of process improvements have been instituted since the beginning of the MIMIC
program. These include improved passivation, improved wafer backside processing, implementation
of statistical process control, adoption of optical stepper and E--beam lithography and greatly increased
line automation.

Testing time has been reduced by a factof of 50-100 compared to the time required at the start of
the MIMIC program and it is now possible to test devices with power up to 8 times as great as
previously.
The cost of microwave packaging is continuing to decrease. This year, under MIMIC program
funding, the cost of metal matrix composite AISiC packages, including feedthroughs, has dropped to
below $30 even for relatively small quantities (approximately 10(X). This compares with packaging
costs of over $1000 in 1987-88.

I



V

"This chart shows how advances in CAD that allow better use of gallium
arsenide "real estate" coupled with imaprovements in the manufacturing yield
of MMICs are dramatically driving the cost of MMICs down. Notice that the
cost of the multi-function low noise mnplifier or MLNA has dropped from $80
to $7 in about 2 1/2 years, more than an order of magnitude reduction. The
cost of the high power amplifier has also dropped by about a factor of 10 and
the cost of the variable gain switched amplifier (VGSA) is less than half of
what it was 2 1/2 years ago. This level of chip cost reduction coupled with
similar or larger drops in the cost of testing and packages has made the
difference-MMICs are being used in an increasing number of DoD and
commercial applic.ations.
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These are some of the types of military systemis in which the MIMIC program
Ar is playing a role. They include the Ground Based Radar (GBR) system, the

first full scale active electronically scanned radar to use MMICs, and a systemn
that will use hundreds of thousands of MMTCs in 68000 modules being built at
Raytheon and TI, airborne radar systenis, advanced portable communication
systems (SCAMP) and several types of missiles. Electronic warfare systems
have benefitted fromi MMIC use as well.
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MMICs are also finding increasing use in commuercial applications,. This chart
-hos %several types of commercial systems thatacetesn M~ o
or will do so in the next few years. As the need for instant access to
information becomes moure prevalent, MMIC chips are finding their way into
mnore and more systems. These include cordless and cellular telephones,
wireless local area networks, satellite communication systems such a~s Iridiuml,
radars for automobiles, trucks and school buses, automatic toll collection
devices, and tagging systems, It's important to realize that this is one
sem iconductor area where the U.S. is do~minant-we are the exporter of MMICs
to Japan, other Pacific Rini countries and Europe.



Swumming up, the MIMIC program has built a solid infrastructure undcr which
technologics, tools, and process,.% shown hiere. have bween put in place to enable
the expanded use of MIMICs in current aid future. nnihtany and commercial
systems and products.
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The HDMP program will concentrate upon the establishment of techniques to
design, produce, and test a new generation of very thin, lightweight radar
modules and subakrays affordably. This is a program that will help in making
it possible to produce the low cost, very thin active arrays needed for future
DoD radar, communication and EW systems. It will include demonstrations of
the ability to batch fabricate and test, with a high degree of automation, these
types of complex T/R modules and multi-chip assemblies (which are groups of
modules). In order to meet cost requirements for producing modules or
multi-chip assemblies that meet the electrical, thermal, and mechanical
requirements of a wide range of systems, we must improve upon present day
compater aided design, test, and manufacturing capabilities. In addition,
advanced materials and packaging technologies must and are being developed
and used, as needed. A real driver in dramatically lowering costs, and one that
particularly lends itself to the type of modules being developed in the HDMP
program, is batch fabrication of the module components coupled with highly
automated testing of both those components and the final module assemblies.
The program will conclude with a demonstration of several types of candidate
"tile type" modules and multi-chip assemblies, and a brassboard demonstration
of a 96 el, .aent active phased array.
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This shows a high power amplifier tile being developed by Hughes Aircraft
Company under their HDMP contract. The tile contains two 4.5 watt
MESFETs and associated circuitry. It consists of 10 layers of interconnections
and is mounted near a cold plate for heat removal. Twe other tiles form the
overall multichip assembly in the Hughes approach: one is a control circuitry
tile, and the other a low noise amplifier tile. The whole multi-chip assembly is
about I square inch in area and about a 1/4 of an inch thick. This approach is
typical of ones being pursued by a number of companies as part of their efforts
to develop a new generation of T/R modules.
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The array shown on the left is an artist's conception of a conformal array of the
future that is expected to result from the Texas Instruments/Martin-Marietta
teamn's work under the High Density Microwave Packaging Program. The
thickness of the array will be only about I inchi. A numlber of 2 x 2 stacked T/
R module assemblies will be connected as shown in the drawing on the right to
a nmanifold to form the overall array. Each Wx T/R module is approximately

" ,1" xl 0.25". An array utilizing brick T/R modules instead of tiles would be
5 to 10 times thicker. This teami will demonstrate a 96 element brass!-)(ard of

this design at the conclusion of their HDMP contract.
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I want to spend the remainder of my time discusing the new Microwave and
Analog Front End Technology or MAFET program, a planned FY 95 start.
MAFE-T will focus upon the development of the technologies and capabilities
needed to produce the RF systems arid system upgrades of the future that are

K|

affordable, are highly portable, and gather, process, and transmit information
quickly, accurately, and reliably. The program will address technology and
products for use across the entire microwave and millimeter-wave frequency
spectrum.
The program seeks to achieve major reductions in the cost of and time for

designing microwave and millimeter wave monolithic integrated circuits

(MMICs), other components, interconriections, subsyst~ems, and systems;
continuously imuprove the infrastructure development begun under the

Microwave and Mil 'limeter Wave Monolithic Integrated Circuits (MIMIC)

L~ilIIneetprogrameincludingystabihent of sythem cap gabiites tof rapdl fuetatnd

qinexpensivraelymnfatr and rlasebl.Tle neededamirwv anwilliadrsstehnloyrn

wave frequency products for the widest possible range of system applications;
fostgr snereksed circuit functionality within a given MMIC chip area; and
develop new cost effective circnits, related components, and methods for
intercuonnection and housing these elements in order to establish a self-
sustaining, economically competitive base of MMIC and subsystem product
suppliers.
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"MAFET will include three major thrusts. The first of these is the development of a
comprehensive design environment that will include the ability to use a "system down" design
approach as well as a "component up" approach. The MAFET vision for an improved
computer aided design environment centers upon providing the capability to process and,
display information in a way that allows designers at all levels (system, sub-system, circuit, and
device) to easily exchange needed electrical, mechanical, and thermal data. The CAD system to
be developed will build upon the very substantial base of CAD tools and information that
already exists. It will extend this base to provide additional capabilities and establish the
needed ihterfaces that allow many tyfps of tools, programs, and models from many vendors to
interact effectively with each other.

'The second thrust is directed toward the development of improved, more affordable
components and products for many microwave and nillimeter-wave system areas. TheseW include advanced materials such as indium phosphide, completion and implementation of
advanced, robust, versatile, efficient MMIC fabrication processes, improved MMICs including
lower cost, more capable circuits for millimeter-wave frequency operation and advanced
microwave frequency circuits, improved passive components such as circulators, filters,
capacitors, and inductors, lower cost packages particularly ones for multi-chip use at
mnillinieter-wave frequencies, advancement of effective low cost test methodologies and
promising new developments fi om various R&D projects including ones at universities. The
overall objective is to satisfy the widest possible range of military system applications, quickly:•-• ..... and affordably. The final thrust will include a numbei of benchmaeking deonsta tiorS. T he

Sbenchmarking demonstrations are intended to provide proof that the effective use of a
Scomprehensive design environment, coupled with robust processing and efficient manufacturing
and assembly of MMIC based products is the best approach for achieving low cost, high
i performance microwave and millimeter-wave products for all system applications, military and

This slide shows a proposed "roadmap" for meeting MAFET programn objectives. Note that
there will be a number of berichniarking demonstrations over the course of the program and that
at least two benchmarking demonstration solicitations are planned. Although the solicitations
for the benchnmarking demonstrations will follow that for the design evironment and
compolient/product development thrust areas, interactions between de-ign environment
contractors, component/product suppliers and prospective benchinarking demonstration
contractors must begin at the start of the MAFET prgmirm.
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This shows how the various thrusts of the MAFET program structure tie
together to meet the overall program objectives. There are four color codes,
one for each of the three thrusts and the final one for the program's customers,
military and conumercial. Thrust 1 is the Design Environment. Note that as it
matures, it will reduce the cost and time of designing MMIC chips, related
passive components, packages, and testing procedures as well as those of
overall sub-systems and systems. The color coded blocks aroun'1 the periphery
of the block diagram are all parts of Thrust 2. All of the work done ' ier
Thrust 2 is oriented to .yard development of components and products xbr
widespread applications in DoD systems and commercial ones. That's why
all arrows from these tasks point toward the benchmark demonstratons. The
benchmark demonstrations, Thrust 3, will serve as a examples to help system
developers understand how they can effectively use MAFET program
developments to improve and lower the cost of their systems. The program is
expected to include both individual efforts by companies and universities and a
number of teams depending on the specific task at hand. However, it is hoped
that a very high level of interaction and sharing of information takes place
between all program participants.
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The overall measure of suc(,ess for ARPAs microwavelmillimeter-wave
technology programs will be the ability to affordably produce MMIC based
products that ave best for meeting DoD microwave and millimeter wave front-
end system requirerneuts.

The solid technology base developed under the MIMIC program has brought
microwave monolithic circuits from experimental proof of-concept
demonstrations carried out in research and development laboratories to the

status of the high yield, low cost, readily available products of today that are
produced on highly automated fabrication lines. The HDMP program will
contribute substantially to establishing the capabilities necessary to produce
the next generation of phased aiay radar systems. Much work remains to be
accomplished under the remainder of the MIMIC and HDMP programs and the
new MAFET program to drive costs down futther, extend product successes to
higher frequencies (e.g., millimeter waves) and integrate larger numbers of
functions on single chips. This, will include development of still more
advan'ced material structures, increased CAD capabilities, better models, more
complete circuit libraries, more ag* I manufacturing lines, cheaper and higher
performance multi-chip assemblies, and improved testing methodologies.

Thank you very much for your interest.
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The High Definition Systems program, begun in 1989, was initiated to develop
improved display technology for military applications, Displays arc the
primary interface between pxeople an systems and offer tremendous
opportunities for conveying infori•ation, thus enhakcing hunian performance.
Required improvements in displays include making them more power efficient,
lighter, thinner, brighter and cheaper.

Displays are inherently dual-u,;e technology, with tremendous commercial
applications that drive the industry. The goal of the display program is to
provide viable display companies in the U.S. which cmn provide affordable
technology to the military from facilities which primarily serve the commercial
market.

The first, phase of the program focused on developing new display technology
conaceTts l)d den•onstrainiUk " their funct'ionaliy The program has alsoI~~i(•,lll~~~~l'•l~ ~ 6LaI IW&. LU Ik,..L ý-Lt~, j. ...- * 1ý"- ..

supportcd materials and equipment used to produce these new technologies.
As this effort has proven fruitful, the next phase of the program focuses on
affordabie ý)roduction of these technologies, Finally, a systems level effort
capitalizes on new display technology and couplcs it with information
p;ocessing to plototype new system capabilities.



Huuily in the Clinton admiinistrationi, the National lEconoinic Council and the
Covocil of LEconoinic Advisers requested that an interagency team- analyze flat

'I~ displays as a case study for duA use Lechnology developmtent ad policy.
This teami woet for necarly a year, with frequent cow~ultatioii with industry to
ati'jrss a numb~er of key ques4tions and formnulate an effective policy solution.
The kley questions included whether having a domiestic display industry wasI imnport~uit to national mid/or economiic security. The answer to this was clearly
yos, sincoe there areani Increasing number of weapons systemis which rely ozi

6 ~displays to coi-vey infornizition to combhatants in a concise, readily understood
fashion. 'rule (display isaliso a key differentiator of electronics productq III
coinmercial technology, ranging fromn laptop computers to consumer p~roducts,
and loss ot this technology would put U.S. firmis at a competitive disadvantage.

LAM While the U.S. has a number of world class display technologies, these reside
mostly in laboratories and have not been traimsitioned to volumne manufacturing

AM and coniinercial products. A nuniber of factors are offered as explanation,
including a lack of manufacturing expe-rience, the high capital cost for entry,
the presence of established off-shore competition, and a weak infrastructure for
materials and equipment.
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As a remedy to this situation, the National Fl1t Pavel D)isplay [nkit itive was de~veloped, Itnd
announced on April 28, 1994. The Initiative consists of four essenitial elvaerinets

lirsnt, the R&D programs at A~RA, as well its DOlE and NIS'T have sustuined a level of'
technical ac~hievemuent which provides (t(- U.S. with potential opportunities for future display
mainufaceturing. These programs should be continued, so that the pipelinie fur future
technologies anid refinemnents of existing technologies are minahtained.

Seconid, to addr"-8 the issues ol lack of nuniufactuting knowledge in high volume production,
two test beds for AMLCD maiuf'auturitig have been established. These programs will develop
processes on higher volume tmaufacturing equipment and p~rovide an indusiiy-widc
assessment of process viability for' future investmnent platniiiig. Additionally, these piogralms
will produce a number of' displays that can provide, early applications testing in miniitaiy
systems us well as commercial product prototypes.

The third element of the initiative is thie centerpiece of' tie effort to create a sell-sustaining
industry. F~or Jliis proguaiofthc government is soliciting proposals to co-lund R&D on next
generation display technology from pr~oposers who have imade- commnitmuents to p~roduce
current generation products. This criteria is established to insure that funiding is directed to
those companies who will We in the display business now, and in the future, to b bet
p~rovide products to the miilitary in a cost efhzctive manner.

Finmally, the fourth element of thia initiative is to enuuurage marke;-t development ,throughi the
use of government as a custonmer, for both military and civilian iipplications and through ilia
development of display technology applications for thco National I nformiation Infrastructure.
An additional complonent of this element is a vigorous enforcement of trade laws to enisure that
domnestic produicers face fair competition.
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Tisi slide comnu-aes a number of military applications for diftierout types of'
display technologies and formuats with commercial app~lications for the same
displays. It demonstrates that there is tremnendous dual-use synergy between
the two market segeneits, and shows the opportunity to mneet military needs by

L ~drawing Fromi flexible manufacturinig facilities which supply much larger
commercial neceds.
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This slide presents a graphic dcscription of tile rt-lationship betwee.m different
P~ elements of the II VS progr-am. The display technology thrust examinies new

technology applications which if successful, result in demnonstrations of tile
lechnology. These new technologies, as well ws sulpport for thoe L'uipmleflt and
jinrastructure can lead to the manufacturing programs, either through the
testheds or the R&D) incentive program, Production at theCSe higher volumeIS
allows prototypes which cani be fe~d into the integrated systems work to
develop new aplil~cationis of interest. Each of these elements ultimately leads
to the, program goals of a self sustaining industry Luid i afrasLs ucture and the
demonstration of fully integrated high definition systems.



Lxampl])es of- the sticces~slul p)roducts fromn thle display techntologydemnotstration are slown inithiss li, eicluding8:
1. The world's highest resolutwio AMILCI fromn Xerox, which hias an imiage
quality better than laser printed paper. This display has 6.2 M pixels inl a 13"
diagonal - nmore than 16 times the pixel density of commnon ciiiiiputor displays.

2. The world's lar-gest full color plasmna display fromn Photonics - a 30"
diagonal 1 0240780 pixel display

3. Ani IIDTV pro -jection systemi fromn Texas hitstrunients based on digital
mlicroinirrors which are electronically addressed and controlled to transmnit the
light.

4. Thie world's only full color electroluniinuscent display fromi Phuiar, who
solved a niumbekr of technical and mainufacturing problems with blue phosphor
materials to achieve full color.

5. A reflective display fromi Kent Digital Signs which requires very low power
to operate mid retains the imiage even after power is turnied off.
6. The first U.S. produced full color field emission display froin Micron, with
the highest resolution of any FED) display

IL~
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AR~PA is aiso supporting a number of programs in mnaterials and equipment
infrastructure through a number of internal and itidustry partnered
organizations begun in the past. year.

I ~The US Display consoitium, conlsisting of over 100 display manufacturers,
users, mid equipment suppliers focuses on funding new equipment and

mate-rial developments and developing industry standards and benchmarks.

The p~hosphor center of excellence is ozganized to develop improved materialsii ~for cinissive displays and backlights. Improvements in phosphor effIcienI ~ will provide improved colo., greater efficiency (brighter displays at lowc'r
I power), and specifi matcriais such as low-voltage phosphors noedcd for some

f The National Center for Advwiccd Information Components Manutacturing
(NCAICM) was established last year to create a partnership between the DOEI natictnal laboratories and industry to improve electronics manufacturing,rincluding displays ThL-ese programs: foLVcus prumarily or. ernissive display
manufacturing and core technology.

In addition to these ,-ulti-facetcd efforts, ARPA supports directly a number of
individual programs on specific mnanufacturing equipment and cnoiimoets
underlying technology such as design tools, and university based research.
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One of the earliest examples of the transition from display technology
demonstrations into systems has been in the headmounted display program.

This program has aggressively pushed the technical capability of miniature

displays and has found numerous applications now entering the prototyping

stages, ranging from the Combat Vehicle Crew helmet, to analagous systems

used iq, the Comanche and Condor helicopter programs. Similar opportunities

in the medical field, in maintenance aids and ordnance are being explored. The

dual-use nature of these programs is being underscored by a recent Technology

Reinvestment Program which is also using these displays to provide a visual

template for manufacturing assembly in addition to the military applications

described above.
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As part of the ARPA program evolution and the new National Display
Initiative, two cost-shared awards were made in the last 18 months to establish
AMLCD manufacturing test beds that will accelerate the transition from low
volume laboratory production to eventual full scale manufacturing. These two
programs take a significant step toward that goal by developing technology
and processes on equipment that would be utilized in a volume production
plant. This information and evaluation is critical to companies planning to
enter manufacturing venture and results will be disseminated throughout the
industry as appropriate. Additionally, the testbeds will serve to supply
enhanced displays to the military for early insertion and development of new
system opportunities. Just as importantly, the companies will be able to
develop internal pcototypes which will help define their new business
opportunities in the commercial arena.
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The centerpiece of the Display Initiative is the new program for R&D related
to Manufacturing. Like the manufacturing test-beds, these programs will be
cost -shared with the participants, however, an additional c;- 'eria is a greater
commitment to the ultimate manufacturing goal. The program is designed to
support R&D, including manufacturing process development on next
generation technology. Proposers must have a demonstrated capability on
current generation technology and a commitment to utilizing the results of the
R&D with expanded production for the next generation.

From the government perspective, this insures that the partnership leads to a
capacity which can participate in the commercial marketplace, thus reducing
costs for acquisition over the foreseeable future. The focus on next generation
technology insures that the companies can be competitive not only now, but as
the technology continues to advance.
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The current market for flat panel displays will be about $4 billion worldwide
for 1994, and is expected to exceed $20 billion by the end of this decade.
Current production is centered in Japan, who produce nearly 80 % of the
world's displays, and over 95% of the worhl's active matrix displays.
Japanese companies have invested nearly $3 billion in production facilities for
AMLCD displays over the past four years, and are expected to exceed that
number in the next three as demand continues to grow. bNew investments
utilize larger substrates and more efficient equipment, resulting in dramatically
higher productivity. Older, less complex technology, such as passive matrix
displays are growing elsewhere in Asia, such as Taiwan, Honk Kong and
China. Additional developments are expected from Korea and Europe in the
AMLCD arena over the next few years.



It is important to note that a strategy of following along the path established by
the Japanese manufacturers is not destined for success. It is important to find
areas of differentiation which can be exploited to enter the commercial sector
and fully exploit the dual use nature of displays. Three of these approaches are
(1) to break the paradigm of manufacturing follow-d for AMLCDs with
alternative design, production and component technologies; (2) offer a higher
valued product by incorporating additional electronic capacity in the display - a
promise enabled by alternative material technologies such as poly or single
cryatalline silicon; and (3) acceleration of alternative technologies which can
offer better price-performance than current technologies, or open entirely
different markets than the mair'tr',eam approaches of today.



ARPA has a long histoiy in developing advanced cornposite rflaterials and we
refer to materials as one of our three core technologies, In 1993 we initiated a
new ARPA thrust in materials ,and that is in improving the affordability of
composite sliructures. Today I will presnt t~he status of that activity.
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Let m1e open With my own llersoniai me'istleflt o1 the advanced mhaterials
industry Afte-r 20 years of phenomenal double digit annual growth you have
to say that advanced materi als are, a techinological. success but a financial
failure.

Corporadiow, in thie US, Europe, EIngland and even recently Japan are
drastically curtailing theiv act~iv~ies , trying to sell their interests or ini some
cases giving u~p and jzst shutting them down andJ walking away. In the United
State'; tile engin; tVIt powerefi the success and growth of advanced materials-
DOD- has stalled. The reduction in .1301) demand for advailced materials,
without som-e canmpensating gruwth in civilian demand threatetis the existence
of the U.S. advanced materials industry. It leaves this crucial technology open
to domination by the Japanese who have been more aggnressive in developing a
ranige of civilian applIications.

Th is is another example of the US bciing would class aL :lev'e1oping a-nW
technology but failing in commnercializing it.. Our focus has been on invention,
not adoption of advanced materials technology; the emphasis must shift and
the key is new and improved component manufacturing technology.

This assessi-rent is what initiated our thrust for affordable polymer composite.
structures.



ARPA will therefore focus its effoirts ol increasing the affordabilty of
utili'zing oomposite mnaterials iri both traditional and non- traditiomd
applications. Our affordability strategy hi ages on four mauin points.

We wilt 11ocus on Manufacturing Technology and Design, Not New Material
Development. If you look at the cost breakdown of aerospace composite
structures today, ycu will seu that material costs account for about 10 percent
of the cost of the finished structure. Dcveloping and verifying more affordable
'4manufacturing processes and designing structures to take advantage of both the
materials and fabrication wethod.; are seen as the key to reducing pali cost.

Pervasive impact and commitnmient to productization are Iwo of 1he fbntr TRi_
selection criteria and are at the center of our strategy strategy for composite
structures.

Programs must have a pervasive impact. It doesn't make sense to devote
resources to solving a problem if the solution results in only a marginal
decrease in cost or it doesn't increase the market demand.

And finally we are striving for better Inter-Agency coordination in order to
leverage scarce resources. This includes more open dialogue and joint
programs with agencies like DoC-NIST who recently kicked off their own
PMC program, the DoT's FItWA and, NASA as well as inter I)oD
cooperation.



Typically what we refer tu as core programs follow ARPA's historical mission
of being high fisk and high payoff. We have just recently awarded two such
programs.

A team led by Northrop Aircraft Division will be working on the Electron
B~eam Curing process. The goal of the program wvill be to determine and
demnonstrate the cost benef'it and structural adequacy of' the Eibeam process.
The F~rench company Acrospatailc who is pari of the Northrop team htas beeni
usinig this method to cure composite rocket miotor cases for several years. The
Northrop programn will a-lso be coordiniated with an U beam CRADA recently
initiated by the Department of Energy's Oak Ridge National Laboratory.

p The other program will focus on the design of aitframe structure to take
advantage of composite materials and low cost manufacturing p~rocesses. This

F ~ ~ ~ ~ ~ ~ ~ ~ t Aeix is heade byteLche d~ ed Developmnent Company, better
known as the Skunk Works, This program is being coordinated with both the
ASTOVL and JAST program to leverage results and avoid duplication of efflort.



-u h at three years, Congress has directed funding for an effort 1alld the

ýi2Advanced Materials Par-tnershiip Program. These programs require teaming
and 50 percent cost sharing. Two programs pertinent to affordable PIMC's are
in the awar-d process anid one hatsdaready been awarded,

A team led by the McDonnell Douglas Plianitoni Works will develop and
demionstr-ate low cost tooling for rapid prototyping and limited production
Tooling costs are especially imkportant when considering prototype and limited
production runs. In fact in such cases they can be as high as 70 percent of the
Cost,

Another high cost area is ini the assembly costs of astructure, This typically
involves locating p~arts, drilling holes, cleaning around the hole, applying

sealant, and finially installing fasteners. As you can imagine this not only
results iii signiicwil.c costs birt also adds weight. A team of Boeing and
1)ulont will look at thme possibility of using induction welding to join structure.
The teami will develop and demonstrate the process tor both thermnoset ~mid
thermoplastic materials.

Tlhe third program, which hat; already been awarded will furthier develop asthe iflsitu consolidation fiber placcemict p~rocess for thermoplastic miateril
'1kG DuPont /I hercules ieanml which successfully p~roved the fecasibility of'
insitu fiber placemenut will carry time process forward towards
commercial izationi.

mr-'ibis programn is beinig coordimmate(1 with NASA eff'orts on the 1 ISR program.



Now I'll discuss two 1PMC progranis Jhat have been funded by the Technology
Reinvestment Project which~ you are all familiar with. They were both first
round awai-ds.

The Affordable Composites for Propulsioni or ACP progratu is an effort led by
P~ratt & Whitney to increase the use of coniposites on large transport aicaft
eniginies. A five year agreement was signed last May to accomplish this goal.
The totakl ameunt of the agreement is $370M4 with $1 30M coming from iTR1P
funding. The first ye.i R11 funiding is $25M.

The ACIP team is vertically integrated in that it spans the entire food chaini,
fromi material suppliers to commercial airplanie builders. Thereforein addition
to demuonstrating composites for the ADP engine, the pnrogram will benefit the
subcontr-aLtor base wlii*,ii supplies composite iiaterialsai~d structures to other
aimlications.

The key to increasing the use of composites is demonstrating their affordability
in the desired application. The ACP team's approach is to develop par~t
designis based on low cost iuaiufacturiiig p~rocesses.
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Thscsht-aatiiz shlows thle various components of the ADII eýigini which will
be addressed by the team during the ACP p~rogramn. The fabrication process
which are currently beinig considered for these structures includes fiber
p~lacemuent, filament winding, and resin transfer molding.

In order to determine whether or not you ate affordable, you must have a
baseline which to measure yourself against, Therefore one of the first tasks
for each of the component 11P1) teamis is to establish what the component would
cost today using stale of the art composite muid metallic processes. Thiis(cost
will become the target to which we. will measure our succeSS.

Another key element in demonstrating the affordability of' complosite structures
is building enough articles to have confidence in both the cost ofth
comnponent as well as the repeatability of the process. T'he ACLI program
wi l address this by building a significant number of components early in the
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This gives you an idea of the size of thle enigines we are talking about. TIhe large
thrust class version of the ADP engine i5s as large as a 757 fuselagto.

These large ADP? enigines will improve the opetathig efficicency ut' the airlines ws,
well as being inore enlvironmedntally friendly.

H-owever due to their. size, the use of conventional metallic structure would be
weight and drag prohibitive. Therefore. afftordable comiposites will be key Lo their
ultimate success.
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Another TRP program with a I'MC emphasis is bWn led by the University of
Californiia, Sani Diego (UCSD). Thh; prograin is aimed at. developing anld
dernonstrating the application of 1'MC to help solve thi. nation's infrastructure
problem.

'rho~ programn agreemient for $2 1M half of which is froncrI'RP funding was
signed last June. The prograin will be jointly managed by the Federal

Highway Administration (1111WA).

The initial locus ol the program is on bridge repair however t~he work on the
vomponenis will be applicable to new construction as vvell, It will also
demonstrate the applicability ol composit~es for Art brdgv

A successful p~rograiii would greatly assist the INMC material sup~plier base
problem.[ As with miany PMC applications, the technical feasibility of using these
miaterials is not ani issue, their affordability in infr~astructure applications iýý

the real issue.
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Before discussing the program further, I'd like to show you the status of our
nations bridges so can be-*ttr appreciate why we're doing this. This data comes
from a study done by the RHWA and GAO.

As you can see roughly.3ýo',Yo of oue bridges are structurally deficient or
functionally obsolete.

The financial figures show that we must clearly find a way to reduce this
deficient backlog.

PMC's may offer a way to do that, both in termas of lowering the cost of huidge
rep~air and speeding up the process. PMC's are also expected to lowor the
maintenance required to maintain the bridge.



A magnitude 6.8 earthquake occurred in Northridge about 30 kin north west of
downtown Los Angeles on January 17. The earthquake caused widespread
damage to the region north and west of the city. The tmost dramuatic, and most
quickly identified damage , occur-red to freeway bridges, with nine collapsed
structures. The failed columns and deck shown here were on the Santa Monica
Freeway or Interstate 10,
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Pylon Cables

Here we show the bridge components that will be studied in Phase 1.
Although we will look at all of these the focus will be on columns and bridge
decking. A significant amount of full scale hardware will be manufactured
and tested in the first 18 months.
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Due to need crl ated by the January 17 earthquake a composite solution to
column retrohL will be given a high priority and expedited. The failure during
an earthquake is caused by lateral movement in the column and not enough
circumferential rebar to keep the concrete, from spaliing and the the column
fails in compression. A repair procedure with steel jackets had been
developed and installed on all high risk columns in Los Angeles area. One is
shown in the picture on the left. In fact this bridge is just to the west of the two
bridges that failed on the Santa Monica Freeway one of which is shown in the
center.. We are working on a composite overw rap shown on the right th~at
we believe will have several advantages over the steel jacket including a cost
advantage. We plan to have a good assessment of this approach by the end of
this year.
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Regarding future programs we anticipate a focus area in TRP III on affordable
Composite Primary Szructure for a transport aircraft. We envision a
companion program to the engine program but working on a composite wing
for a commercial transport.

We also will be soliciting ideas for our FY 95 Material Partnership Programs.
and we may be expanding our core programs in FY 95.



So in sumnmary evon though DOD's usage has becen significantly reduced.

Composites are still importwit to future DOD systemns.

Coixi;osil rý materials clearly have dual use bunefits.

ARPA is wommitted to addressing the cost issue of composites and has a so Ud

strategy in place and significant funding committed to this effort.
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The ongoing, ARPA High Temperature Sup~erconductivity program has
supported a large numnber of contractors, who have been able to produce high-
quality films up to 3 inches in diameter for various applications,. In p)articular,
vendors of HTS components are marketing RF and microwave components in
packaged formi, as shown. Commercial and military suba,;sciblies are beiing
offered. Muil.ilayered films also havie beet\ produced, for paW~ruing as high-
density interconnections of'CMOS ICs, for cryogenic ce,;tronkicý. The
infrastructure for these technologies is being devoloped, in inuticular the
aivailability of low-cost, depenfdable L~ryocoolcrs.
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Shown are some. Components that are now availabie, with properties selectable
by die custonier. Filterbanks with specified propeities, such as~ center
frequency and banidwidth, can be fabricated and packaged. Delay lines withi
wide batidwidths, because of the alnuest dispertionless pruoprties of'
superconductors, are shIown hii packaged ibrm., Nonmilitary cusmvuioks, such aLS

the cellulair telephione industry, will use 1IfS filtc.ris with optiimal properties to
replace much bulkier conventional filters in base statio~is,



Shown ate Some cotuponel~ts that are now available, with properties selectable
by the. customer. P'ilterbtuks with specified properties, such as Center
frequency and banidwidth, can be fabricated and p~ackaged. Delay lines with
wide bandwidths, because of the almost dispeitiouless propcities of

~~ superconductors, wec shiownii pt~ackaged for'm. Nonmilitary customers, such as
"1 ~the cellular telephone industiy, will use IITS filter~s with optimal properties to

replace much bulkicr convention~al hilteni in base statitons.
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-,A 32-clencumt switchable filtebW hsbeioztucd lI'S ilaterilIst
provde fi oeraton u ra ar wu~iig receivers (RWR) itt aircraft withini a

den-c spedrininx of* electronuic warfare siguals. This coipac1) paka willb
inser-d in the trout ond of a MWR, wid will allow operatiou iii (lie preseuce of
externa Jamming, as well as interference from the aircraft's own radars. Th'
iitol.n isfbicated to cunilomin to all pro octed threats, with independently
switchable notch filters providing 60) til mavximium i -eJection, with 0.25 (IB:

iietioii los.
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Supecconducting compunimis are being developed for insertiou into. a radar,
whose immnediate application is shipboard self lcnse. Au ultrahg Qt I Cavt

0317) will provide a icterence signud with 30:1 impjrovemlent inl phase noise
(at I KI 1z offset), resultiulg in >l10 dB improved detection perforwica~e. lITS
switeliable filterbanks in the receive chainel will provide resistance to
j -mniniug. Uliaey h ial processor will be replliaeltediiIced aIso by 11 'S
cryoclectrunic uuodule:.n
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telphoe bsstatio nsmma mwhih LrequiioHT tav number and large, thingh Networky fInti

the rce4,ive chwinel, hligh-power 11,1'S 111ters also can be applied to the trans;mit
channel, to limit the amouint of interniodulation distortion due to nonlinearities
ill the amiplifier.
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N77 it is expected that cr-yoclcctrunies projects will be funded fur applications
involving cold CMOS with improved perform~ance and reliability. As devices

I tend toward lower voltage operation, along with reduction of junction gate
iength, it is likely that low temperature operation will improve performance
further. In addition, it wvill be necessary to fund the development of low-cost
and reliable coolers, as well iw other aspects of the infrastructure for suppjortling
this technology.



It soul benoted that mnany electronic devices have improved perfoirmance at
low temperature. Recently, a class of oxide mnaterial, has beW ahI tohv
"4colossal" magnetoresistive properties which optimize at low temperature, and
enb applied to sensors and noni-volatile meior-y.
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Since these and other oxide materials are structurall~y compatible, it would b

conceptually possible to build thin-film heterostructures as shown in the figure,

with unique properties adaptable to many applications.



~~ Continued ARPA funding foi the H-TS/Cryogenics program is shown, along

with a new start in magnetic materials and devices.



Themne:

New technology prograrfis being initiated in AIRPA are

under a set of guiding principles: to cause a fundamental. change or
to focus on critical areas that will have the greatest !mpact for

defense and for the econwmrdc wei'1 being of the Nation.
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ARPA has initiated medical pirograms within thc D)efense Sciences Office
(DSO) under the diviskin entitled Defense Health care Techinologies.

Casualties in the thleater Gf war are classified in ow:~ of two categories: 1) as
diseases and other injuries, and 2) injuries due to pednetrating munitions,
including biasm or burn injuries, within the cumbat zone. About 60% of those
wounded ini action do not require urgent treatineiii and retuaix to duty in a
relatively short pciriod of time. About another 15-20% of those wounded in
action are. usually critical casualtics, with the majority of this category of

k"" casualties surviviag. Another 20--25% are those who are killed in action and
die prior, to the arrival of mnedical care, similar to the distribution indic~ved in

thc previous figure.
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This figure dwý cribes that in the past 150 yeas combat mortality for casualties
who have not received mnedical care has substaulially remained unciianged.
Combat mortality of those who do receive mt.dical care in the theatec of war, in
contrast, due wo surgical capability and the discovery of antibiotics, has
decreased from about 20% in 1850 to approximately 3.5% in 1970. The

I concentration of the ARPA medical programs will focus on far-forward
ý,oibat casualty caire for those casualties who normally die within the

L battlefield, those killcd-in-zetio¶1.
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The Defense Healtlh care Technology program effort consists of several
independent programs which integrate together to form a comprehensive
casualty care program for the battlefield. These programs will concentrate on
the following research and development areas: advanced diagnostics, medical
and surgical intervention, diagnostic imagery, medical simulation, and the
incorporation of work from the Health care Information Infrastructure Program

0of ARPA. Coupled with other DoD- funded work in the evolution of the

global grid utilizing asynchronous transfer mode, high bandwidth technologies,
and coupled further with the national information infrastructure, program and
the high performance computing work ongoing, primary wartime mission
focus with a dal-use peacetime health care system spin-off are the focal points
of the programs . These programs concentrate on providing remote
accessibility, quality, aod continuity in the far-forward areas of the war theaters
combat zone.



Within the research and developin-ent focus areas of the Advanced Biomedical
Technology Program arc several 1994 products being developed. First is the
Personnel Status Monitor, a device to be worn by the individual combatant to
start the train of remote biosensing from the individual soldier. A critical care
evacuation pod will be the equivalent of a prenatal incubator within the combat
zone destined to provide the capability of long-range medical evacuation of
critica! care patients formerly .judged to be too critical for transport. Also to be
deve!oped are digital battlefield imageries that are portable and diagnostic for
penetrating munitions and to provide real-time two- and three-dimensional
digitized imagery that can be telemetcred as the soldier casualty passes through
the war theater medical echelon system. Also in development is a portable
chemistry laboratory that is miniaturized so that certain blood chemistries and
hematological determinations can be performed at the site of the casualty and
in hospitals as well. In medical and surgical intervention, two areas of note are
being developed. One deals with remote telepresence surgery so that within a
mobile far-forward surgical unit would be the capability for a surgeon located
in CONUS to perform actual surgery nmoteiy in te L,,, I IA LIA a'
coupled with what is called "golden hour therapeutics" which is an exploratory
research and development focus to determine if certain pharmacological
combinations can actually produce a suspended animation state for a wounded
casualty, despite the insult of tissue hypoixia, acute systemic shock, and
exsanguination. Medical simulation is also a developmental area for the
production of virtual reality simulators that can be used by trauma surgeons,
combat medics, and nurses in the education and training for combat casualty
care.
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An intent of our program involving device technology and advanced health
care information infrastructure is tu enable mere sophisticated medical
comnmunication networks. By the use of GPS raid JSTARS or other means of
centralized communication capability within the theater of war, the
representative elements of the medical care system will be integrated together.
This networking which will involve high-bandwidth broadband code division
multiple access technologies, will allow the individual health care providers of
the battlefield for the first time in the history of war actions, a communication
architecture that provides an integrated communication network. Casualties
that are being evacuated to medical centers or tertiary care medical centers
either within th-e United States or in other countries, will in this system be
electronically linked in order to provide the best medical care possible by
advanced planning.



j(7

Tile Persontici Status Monitor will consist of a wristwatch-type unit which is
built of modules that allow communication of data, a situational awareness
from global position satellite data, which will also allow the location of battle
casualties, and certain selected physiologic vital signs that allow remote triage
as- a combat medic is en route to the location of a bi'LJL casualty.
F~urthermore, the combat medic's capabilities will als. be enhanced by
providing real-.time video and simultaneous two-way audio communication to

-~ medical personnet located at a combat zone's command pout. It is cstimated
that thle combination of t~he personnel status monitor and tile enhanced
technology capability of the combat medic may reduce combat mortality to as
great an extent as 40-50%.
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The overall integrated etnphzsis of th-o Defense Health care~ fehnologies
Program) at ARFA is in direct partnrship with the. Army Medical Dopartinent
and the Medical departments of the Navy and Air Force. While the ARVA
programns build devic-s and technical capability, there is a systemn integration
effort to allow a paradigm shift in the way that medical care is currently done
within the battlefield. The prototypes aiid eventually fielded devices will form
an advanced technology train of capabilities which will greatly enhanLce the
ability of the tri-service medical departments to save lives in the modorn
battlefield. Fundanicatal to this is the ability to nmove data quickly and for the
medical personnel to be mobile and remain in close proximity to the mobile
fighting force. We anticipate also that the described technologies will have a
profound dual-use techniology application into peacetime militaiy and civilianl
healthier systems. In particular, the application of remnote telemedicine will
greatly apply to civilian trauma, disaster, geriatric, and post- surgical mfedicine,
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The Environmentai Technology program at ARi'A has been in place for less
than three years, yet it has; had a iiumber of important successes. Today I will
provide some backgiound on the icummot program; try and give you the
philosophiy of whr I think that the ARPA binded eflbrtsltinohebge
picture of environmental research and development, and finally providc sonic
details into our thoughts on futuye research dirc~clizns. In addition to being one
of the principals in the, Environmental Technolcgy program, I manage efforts
ini Advanced Batteries and Fuel Cells; program-s which are, compleruentary to
die ones I will discuss today.
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The environmental inission of the Departmnent of Defense is to provideLI
policy, leadership, technology, aid rusources to address national and
international environmental problems that affect the security of the United
Stae-s. These programs can be broker down into four main areas (or pillars):

clean-up of existing hazardous waste sites, conmpliance with all Federal, sta te
and local regulations, pollution preveiltion in the manufacturing and

__ maintenance of DOD) platforms, and consurvation of natural and cultural
resources. In addition to these four pillars, Congress has directed the DOD, in
collaboration with otI~cr Federal agencicE, to addzess two, miore universal
envicontrental issues: global enviruninental change and energy conservation

r-~ i ~and renewable resouvces. ARPA is currepily fun~ding programns in all six of
these critical areas, with the largest efforts in. pollution prevention and clean-
up. Examples of these programns will be discussed shoitly.



ARPA's role in the environment grew out of a Congressional mandate.
Although a substantial fraction of our budget still comes directly from
Congress, this presentation will concentrate on work derived from our core
budget.

Managerial responsibility for the bulk of the new prograns beginning in
FY95 and beyond fail to dirce people. We each cover a broad, and somewhat
overlapping portion of ARPA's environmental mission. Ira Skurnick's main
concerns are in bioremnediation and green manufacturing (includ:ing coatings,
plating, and some electronics). Zachary Lemuios' purview is Sematech where
there is a substantiai program to develop environmentally sound manufacturing
practices for advanced integrated circuit,,. Congress has directed ARPA to
spend approximately 10% of its Sematech budget on environmental problems,
although recent reports out of that organization show that an even greater
proportion of the funding is having a positive environmental impact. My
current and future programs deal with the green manufacturing of a wide
variety of components, bu•t prI•arily electronicsystem. above ,te chip level
(priaited wiring boards, pVakaging, etc.), the development of chemically
specific environmental sensors for site characterization and process
m~onitoring, and the advancemen-tt of novel waste disposal and re('ycling
technologies.

"III



We in the Department of Defense talk a lot a ,ut dwJ-iise technologies these
da;s because of its obvious advantages to both tlhe military and civilian sectors
of our economy, In sone cases this is quite a stretch - not so in the area of
environmenta) technology. The clean-up problems that face both industiy and
lthe DoD are quite similar. For =xytple, 34% of the ! 800 Air Force sites in
one study were found to be contaminated with petroleum, oil, and lubricant
(POL) wastes. 38% of the nearly 1000 Navy sites and 15% of over 1100 Army
sites were found to be similarly contaminated. Other key wastes found at both
military and industrial sites include heavy metals, chlorinated solvents, paints,
and pesticides. The only item on this list that most civilian industries do not
have to deal with is ordinance and ordinance processing.

It is estimated that the Department of Defense has ai least 18,000 sites to
remediite -t a cost of over $25 billion. This price tag may triple if all potential
litigation costs are included. The total cost to clean-up all hazardous waste
sites in the United Slates has been estimated to exceed 3/4 of a trillion dollars
and this process will stretch well into the next century.

Finally, I should note liat the problems associated with manufacturing and
maintenance issues are also common to both military and civilian industries.
Thus the developinent of green manufacturing and more economical reuse and
recycle programs will impact both sectors of our economy.
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The life-cyck of a DoD system - and this can be any component or product -. can be broken
down inwo sevema stages including. witial coucept and definition of customer requirements;
product ocsign and process planning; manufacturing, assembly. and packaging. use (and
abuse); routine maintenance; refurbishmnent; and finally recycling and/or disposal (and
ultimately equipment and facility disposition). ARPA's role in each of these steps is shown in
yellow and iii All cases it is at the very beginnirig of a new stage. This concept fits with the
ARPA charter as the central re~search organization of the DoO.

Maintleiance and refurbiihmint issues are key here arm' tend to separate somewhat the
suilitary and civilian fmarkets. For a military product, iniiual constructioni may only require a
f'ew coals of paint or layers of ructal platig while during the life of that product sarfacc
coatings may be stripped and reapplied dozens ot times. This is not true for most of the

You wit', note that Wt least two types of wastes arc generated in each one of these steps: tlhasc
initiakly? nft Ali ",ec plant or on the site (acra, waste solvents, etc.; indicated by the short arrows
pointed i~iwa ý-M and those disposed of in the commznniity at large via stack emnissions or sewers
(larger, outwaid pointing ar-rows). Any change of product or process should try to mainimtiti
1-Oth of th.;s-Ie Ciflueaq streamns.

Most efforts to date have concentrated either on worker safiety and yield enhancemntciitthus
nlm~imzng in-plant and in-process wastes) or through air scrubtsing and water utuetment. The-
gretws'st environmental gains, however. % i 11 come from changing materials or processes so that
Lhre wastes will not be geticrated in tde first place. Additional. substartive gains may also be
dtrived from dccre~tirig the eiiergy rcquiremnents fu-4 each of these steps.

As otic mao'-s along this path. the amteunt of tinie, effort. .ind- imoey spent increases
dramatically, as shown by the increasing widdi aix] lenp!¶h of the rod arrow. Thus, in a rmoiner
aIkin to quality iniuiaiavu,. one c:ai levevagc; ar, investenwri by "getting it right from the st;krt"

Sdesigni-for-thie-cnv ironncnrt). This nunmraizeý; future problemns .snd future costs.
Dceveloping effective tcchuiulogcz~s for ci rcnding rae servicL life of a Dot) or civilian system

wil have nany of these sane. po'ic ~virooi'nenal efo-i
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ARPA's choice of cnviroonmtanl problems to tackle is predicated op two impart.5 '..

considemotins. (I) There is a tignificakit a•owunt of clean-up requirw at existing military
insaalladims. Tnis problem is further exaerbated as the military shrinks its tsources and turns
bases over to civilian use. (2) The DoD is commivted to reducing the amount of envirownental
contaminants and pollution that it geocrates while still pursuing the goAs of defense readines,.
If these two goals are w be achieved with the dmimd level of completion, and within existing
budgets, new and novel ways must be deveooped to cost effectively address past and future
contarnination.

The isues are quite complex and are far from being just technical: Regula:ory and legal
requirements are probably the biggest drivers. Th'- principle shoun-teirr concern, however, is
the economic cost of coming into compliance. Although pollution preventiota cza improve the
efficiency of an operation (much as qua.fity initiatives have). th principle beneficiaries of
rcmediation are often thow who are, neighbo's. Environmental tchnologies have been slow to
emerge and lawe often been unglamorous. The question always is: "What is the least
expensive toednology that will accomplish the task?". not "What Is the bcst"' Furthennor.
estimating the coit of cnvironmental pollution, or the benefit of environiental rmcrdiation. is
a complicated economic calculation in which inany values are maut= of opinion (for example,
the value of avoiding rcgukatory conflict or the value of a rain forest) and in wWch
unm•-biguous economic c-dculatiotn are inpossible to cnrny out. Uoderstanding the risks
associated with most contaminants s erducated speculation at best- Prioritizing these problems.
communicating the risks. and understandling a conuunities' tolerance for risk are crucial
issues facing the DoD, Finally, future DoD activitie whether it be testing and training or
access to foreign ports may come Io de-pnd on environmcntal concerns.

The conclusion that we reach m ARPA is thai prolleras must be chosen on a sensible basis --
understanding the competencies of the organization. the pervasive impact of the problt m
chosen to study. its DoD relevance. and its unitueness. Thwsc choices also reflect the inteirsts
and biases of the program maitagems. In the end, we invest ia scicncc and technology thai will
hopefully "lefrog" current practices and provide the military with w.rly superior, cost
effcctive and environme"ntally sound solutions.

MI



As noted earlier, ARPA plays a significant role in the environmental arena
with programs in all four pillars as well as the two additional thust areas. As
this list indicates, our programs include a mix of near term and more long-
range efforts. Projects are funded anywhere from two to approximately four
years and involve work in industry as well as at universities, small businesses,
and Government laboratories. Cost sharing is also expected on a number of
these programs.

Some of these technologies are fast becoming industry standards while
others aie being transitioned to the services. The effective transfer of these
technologies out to the field is a significant part of the ARPA environmental
mission. And, as with most ARPA programs, we tend to push the envelope
technologically.
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Let me provide an example of one of my current efforts to give you a feel for
the types of programs that we at ARPA are interested in. More importantly I
hope it will provide a flavor for how we do things in the Environmental
Technology program. The example that I will discuss this afternoon is the
hydrothermal oxidation of live chemical warfare agents. Hydrothennal
oxidation (or HTO) is a moderate temperature (450-550 oC), moderate
pressure (3500 psi) process whei- live agent is mixed with oxygen av water
above its critical point to form a homogeneous single phase solution. Due to
the low viscosity of water in the. supercritical state and to the solubility of both
agent and oxygen at these temperatures and pressures, the oxidation reaction is
rapid (<15 see residence time) and leads to complete destruction of a wide
variety of effluents in a single stage. There is no chance for air or water
pollution sLice all effluents are complc.ely contained. Because there is no high
temperature, open burning, airborne particulates, NOx, and SOx are not
formed. Finally, since the system is relatively insensitive to most operating
conditions, derem is very high process stability.

The program has demonstrated the destruction of agents GB and VX to >
99.99999% destruction and removil efficiency (or DRE) and mustzrd agent to
>99.9999% DRE. These are the detection limits for these compounds. li
addition, Class 1.3 propellants have been separated and selectively destroyed.
Due to the success of the laboratory scale iractor, a 60 gallon per hour pilot
plant was designed and is currently being fabricated.

,
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The success of the hydrothermal oxidation program is due to a variety of
factors. First, their was a clear vision of the needs of the program: the ability to
destroy live chemical warfare agents to below the limits of detectability using an
alternative to incineration. Note that this need had a vei y strong DoD focus.
Stepping back from this goal it was clear that a number of important issues had
to be dealt with in order to optimize the process. First, the kinetics of the
reaction had to be understood and then the effects of a pre-feed or catalyst on the

31;, overall destruction chemistry. Because of the high chlorine, phosphorous, and
sulfur content o~'the feed, corrosion and salts became a critical issue. Finally the
handling of solid products had to be dealt with. The process was optimized
using a series of laboratory scale reactors with the final tests conducted on a 1.5
gal/hour feed of live agent.

X In order to accomplish these tasks, a solid, interdisciplinary team was
assembled since no single entity had all of the necessary skills. This is a trait
cormor to many di-f environm.nu! pro.iects and is driven by the
interdisciplinary nature of the problem, The HTO team includes General
Atomics, the prime contractor; the University of Texas, providing some basic
science and engineering; Eco Waste Technologies, a small business with a strong
background in hydrothermal oxidation and waste water treatment; IITRI, a
surety facility with the ability to handle live chemical warfare agents; and Fluor
Daniel, a large engineering firm to iielp with the scale-up and design of the pilot
plant. Of cotursc it also took a lot of hard work and quite a bit of luck to pull-off
the program.

ARPA was willing to take a significant risk in this case because the pay-off is
so high. Thus, problem selection becomes a critical factor in all of our efforts.
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Probably of greatest interest to this audience is not so much past success as the future
prospects. Beginning in FY95 and 96, ARPA will initiate at least four new programs in
environmental technology; two in pollution prevention and one each in compliance and clean-
up.

Electronics m=,ufacturing is a typical ARPA strength and it should come as no surprise that
we will be funding more efforts to "green" this industry. Work at the chip level will be
coordinated through Sematech. I will be working at the board, package, and system level to
develop these new processes. The focus of our efforts will be based on an industry developed
roadmap which ARPA is currently funding. Copies of this roadmap may be obtained from the
Mk-icroelectronics and Computer Technology Corporation of Austin, TX. These new efforts will
last approximately two years and will concentrate on recycling and reclamation of existing
electronics as well as a design-for-the-environmentt modeling/manufacturing program to try
and minimize both the in-plant and environmental wastes noted in an earlier slide.

Since the major components of any electronic assembly are glass, metal, and plastic, this
program can serve as a model for the reuse, recycling, and/or reclamation of a wide variety of
other DoD and consumer-relevant systems. In addition, short product life cycles mean that
many new ideas can be tried in rapid succession. Funded programs in this area will be
approximately two years in length,

The second new program in the pollution prevention arena is something we call
Environmental "Green". This will be a new dsign-for-environment and/or manufacturing
effort not for electronics. The detailed choice of topics has not been established yet, but there
will be a specific DoD relevance and a pervasive impact on the environment. Expect an
anuouncement sometime in early calendar year 95. Although the ARPA budget is substantial,
it is not infinite and we want to prioritize and tackle the most important problems first. Issues

ArA to be considered include new designs for enhanced performance, optimized processes for
reduced costs, new materials and manufacturing/maintenance processes to minimize waste as
well as ultimate recycling and disposal in an environmentally sound intoner. As noted earlier,
unlike must consumer products, maintenance activities for DoD systems may create far more
environmental problems than the initial manufacturing of the system. The total effort will be
approximately four yeaws and prujc~t• must culminate in significant technology demonsirntions.

I
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New efforts in the areas of compliance and clean-up include a major new
thrust in hydrothermal oxidation. In this case it is for the development of a
modular system for the destruction of Navy shipboard excess hazardous
material. Typical materials that need to be destroyed include contaminated
fuels, oils, lubricants, solvents, and paints. Quantities can be as large. as 1000
lbs/day on an aircraft carrier. A number of issues need to be consi'zered
including safety, solids handling, corrosion, salt build-up, and simple
operation. This will be a three year program coordinated with the Office of
Naval Research, If successful, the Navy will fund a follow-on effort to place
one or more of these units on a ship. Such a modular system may also find
application in many civilian and shoreside facilities.

Finally, ARPA will start an advanced bioremediation program in FY96. This
will look at the in situ remediation of soil, ground and surface water, and

$ sludge, The key here will be field driven research where tests will be
conducted on "real" soils. The program will culminate in one or more site
demonstrations. Important points to keep in mind for this program include
thoroughness, regulatory acceptance, and cost effectiveness. Ira Skurnick will
be the ARPA point of contact for this approximately four year effort.



As this chart indicates, ARPA' s investment in the environment through its
cate budget is substantial. The "real" funding is actually somewhat 4arger,
however, since the numbers listed here do not retlect programs that might
impact the cnvironment (e.g. solar photovollaics or fuel cells), bitt are not
strictly "green". Additions to the budget due. to Congressional actions may
also increase these values substantially (i.e. -$20M in FY95).

While one cannot predict the future, beý,ause of the importance. of the
environmetit, it is anticipated that significant funds will be available beyond
FY95. Our funds are also being ieveraged through cost sharing and by
coordinating our efforts withi the Serviices, 'the Department of Energy, and the
Environmental Protection Agency. Note that the significant drop in FY97
funds is due to the end of Gove~nament funding at Sernatech.



Let airocls willh a little more of the ARPA philosophy On enviranurential
technology. Any prograir that we woek on in this effort must have the
following goals: It must lead to the developmenst of a better product or
process; one that is of impoitance to the Department of rDeferise. This includes
the deve~oprncnt of new corntwneraG as well as meathods for cleaning up past

spls no c ne will to'erate poorf~r performnance, least of all the DoD. TMe cost
of this now system or process. tmust allso tv 'less than that of the orig.inal. As
budgets girow ever Lighter, we muist try to get more for less. Finaaly, this new
product or process must be a 'dark gretn".

We are looking for efforts that will tr-uly make a difference in t~he w..ay we do

business and that, will have a significant imapact on the world around us.
Conpianies have shown that it is possible to achieve all three of these goals
!;iinulanecusly. The challenge- now is to expand this list frvom a few isolated

'Ft examples to a substandial body of- work.



Good afternoon, my name is John Pennelia. I am the Progrom Exc~cutive for
Operations Other Than War (00O7W) and Law, Enforcement at arpa. My
objective, this afternoon is to provide you with an understanding of the vision
and dii -,ction of the arpa operati ons other than war/law enforcement program.
! will also provide a summary of planned, near term opportunities fo.- industry
participation ~n azrpa' s OOTv /LE program.



Finally, whlle new technology is at the cenvt- of the TRP, it i~s a toll and not an
end in itself. This is the primary differe.-ce in. the TRP aind the Cst of the
AR PA investment portfolio. What -we're realiy afer is; a new way of doinig
business that mnakes defense affordable.



In addition, there will be a much morn explicit discussion of the Regional
Technology Alliances part of the solic '.tation. RTAs are e;-pected to take on a
flavor that is intermediate between the Technology Development and
Alternative Deployment Modes categories of the first solicitation.

I
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In all of the TRP competitions a few characteristics distinguish winning
proposals from otheis. While many may regard this list as obvious, every
proposal put aside has been flawed in one or more of these areas.
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In the first solicitation, Development and Deploymcnt are viewed as ditirict
and somewhat separate; one dedicated to the creation of n1ew teclhnology, tle
other dedicated to the moving of technology into the hands of users. We
)believe that in some cases these two. activities can both be enhanced by unaique

regional attributes that are strenogthened. That is the focug of the RTA
prmgranm, to recognize and enhance existing, regional relationships of firms to
benefit both themselves and the potential acc-ss of defense technologies acid
products.



This is a rough schedule for the third competition. Notice that the actual
solicitation will nut be published until January. This is to allow plenty of time
for unrestricted interaction between potential proposers arid government
program managers.
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The second TRP competition was conducted this spring. Proposals were
submitted along much more focused technology areas:, partly for the purpose of
giving prospective proposers a firm basis for making a bid-no bid decisic-n.
This competition attracted only 175 proposals total with a selection percentage
of nearly 20% compared with about 3% for the first competition.

I

ly_



The second TRP cmeionwas cor-lucted thssrn. rpsl were
suý-xitte aongmuc mre ocuedtechnology aesprtyfrthe purpose of

givig pospct.,e popoersa firm basis for making a bid-no bid decision.
This competition atcedonly 1.75 proposals total with a selection percentage

of niearly 20% comprnped with about 3% for the first competition.
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The second TRP competition, smaller and more focused than the first, closed
on April 8. Proposals were solicited in seven focus areas and in manufacturing
extension. Selection results are expected about now. The next large
competition will also be announced this month. We expect this solicitation to
include about 10-12 new technology fo, ýus areas and a solicitation for
Manufacturing Education and Training.

I



There are two new provisions this year designed to enhance the value of the
program to small business.
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In addition, there will be a much more explicit discussion of the Regional
Technology Alliances parl of the solicitation. RTAs are expected to take on a
flavor that is intermediate between the Technology Development and
Alternative Deployment Modes categories of the first solicitation.
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This bar graph shows the distribution of selected proposals by technology
focus area. It important to note that there were no fixed amounts assigned to
any of the focus areas, proposals were selected based only on their individual
quality and merit. Therefore, some areas did much better than others in both
number of selections and total dollar value. This will continue to be our policy
in future competitions.
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The first TRP competitio-a was announced by P'esident Clinton on March 15,
1993 in a speech at Westinghouse. By the due date of July 23 nearly 3000
proposals had been received requesting nearly $9 billion of TRP funding. On
October 22, the President announced the first of 212 selected proposals in the
three TRP areas, development, deployment, and manufacturing education,
which would eventually receive over $600 million. Today, almost all of these
projects are up and running although many are somewhat different than
originally proposed. As detailed negotiations progress, partners were dropped
and added, work plans were more fully defined, and collaborate agreements
were refined. la every case, these agreements have been outside "busines3 as
usual" and have been a learning experience for government and industry aUike.
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As in the first competition, there are four underlying principles that guide all
TRP awards. Some of the eight statutory programs that comprise the 1 RP
have additional restrictions beyond what is shown here and are diszussed in the
Program Information Package published prior to each solicitation. In addition,
there are some new provisions for small business that will be more fully
described later.
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There was also great variation in the proposed size of proposals that were both
submitted and selected. The top graph shows that there was only a very broad
peak in the $5-10 dillion range of proposals submitted and selected. The
smallest selection was less than $80 thousand and the laigest was over $30
million. When the total dollar value of selected proposals was divided by the
number of participants on a team, however, a sharper pattern emerges. Most
selected proposals were in the range of $1-2 million per participant. We see
this as appropriate since a much smaller fraction would would probably
signify sub-critical participation and much great would indicate too great a
concentration in since team members,
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Cointrary to early fears and predictions, university participation was also very
high. It is, perhaps, not surprising that in MET nearly all of the selections had
at least one university. But even in development, where university proposers
were least prevalent , nearly half of all selected proposals had tIleast o

. 4 university partner.
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Early expectations were that small business would not be strongly represented
as a result of the requirement for cost sharing. That turned out to be not the
case. In faci, in the development area, where small business would be
expected to have m-ost relevance, more that half of all selected proposals
included as least one smell business. While small business was typically not in.
the leaid, they often played the critical role of a supfrier of the piece of new
technology' that made thie proposal attractive. The most successful proposals
also incorporated a partner capable and committed to productization as well.
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The first competition attracted a diverse array of participants. As the data at
the top shows, the overwhelming fraction of participants on selected proposals
were irom outside of the defense community with only 21% being traditional
defense suppliers. However, the published selection criteria emphasized a
compelling defense benefit. As a tesult, it is not surprising that DoD industry
had a very strong showing as the Lead participant on the proposing team. Even

more significant is that almost 80% of selected proposals h' J at least one
defense firm and one non-defense firm on the proposed team. This is very
good evidence for the beginning of true commercial-military integration, a
primary objective of the TRP.
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What this means is that for-profit, commercial business is at the center of
attention. Which is not to say the universities, national and federal labs,
FFRDCs are without a place, each of them has a unique role, just not at the

center. And while economic competitiveness is not a direct aim, success in
dual-use will surely contribute. The point is that the DoD is after a way to
provide a more aftordable defense by building off more efficient, colmnercial
industry. DoD wants to join with these firms as partners sharing in both the
risk and benefits.

.



Dual. use is a poor strategy for justifying the practices and the organizations of
Ihe past. Those that have tried to cosmetically recolor themselves have beerA
unsuccessful in general. Dual-use is not a remedy for the ills3 of defense
contraction in the past. It is not a way to get money to defcnso firms suddenly
without defense customers. The -ohit of dual-use is not even to plundvr and
strip midne past investments in tec~hnologies that might be useful comnmerciaily.
Its value is in the future and its benefit is mainly to the DoD and those firms
that understand the benefits of ftinctioning in an alliance with the government,
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"The IPM process applied to chemical vapor deposited diamond growth
identified critical process paramneters such as atomic hydrogen generation,
methyl radical generation, substrate temperature profile, gas enthalpy, gas
stream temperature spikes, etc., and related these variable to product qualities
such as cracking, residual stress, thermal conductivity, tlhickness uniformity,
texture, etc. Control strategies were modified to either ,Jiminate detrimental
process phenomena or on-line sensing developed to directly rneasure and
control the variable through a closed loop process. Su'bstanrtial improvements
were realized in energy efficiency; yield (due to significantly reduced
cracking); product uniformity; and cost effective thermal conductivity.
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The TRP is itself a partiership among six separate agencies of the federal
executive branch who jointly choose the areas for focus, publish the
solicitation, select the projects for funding, and represent the government on
project teamus as paitners. In thie up~oming solicitation, each of the Military
Departments will be Heparately represented on the Defense rechnology
Conversion Council, the "Board of Directors" of the TRP.
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What benefits might these be? Commercial firms are looking t ) make money,
the DoD is looking to save money. We are looking to buy the .•ritical
technologies that we need at a price consistent with the conuu,.rcial market, noL
the synthetic market set up during the Cold War. Sometimes ,.hese technologies
won't be naturally developed in a direction of DoD need or won't be developed
at all because of a commercial risk that is too high, this is wh.'re dual-use
becomes important. Sometimes no new development is required, an existing
technology or industry needs preserving. In that case, dual-use means finding
new uses and new markets for these technologies. And whcre none of this is
appropriate, then dual-use means developing new manufactuaring techniques that
flatten the price-volume curve so that even small lots or hi;gh variety can be
produced affordability.
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Nobegiti'so talk arogtth Ra , doa nmota basyw are ountai the wiggrd nodonefe

conversion." Rather it talks about cominerciul-niihitaty integration and dual-
use. There are three purts of the programn: (1) the technology development part

j ~which works to create new technologies, (2) the deployment padt which are
I principally third-party activities to provide technology to small and medium
I sized manufacturers, and (3) the education pail which is concerned with trying

to raise the ait and craft of manuflacturing into a science oni a jpar with other

scientific disciplines.
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This chart is a graphical depiction of the role that we envision for the TRII.
TThe top line show how the various stages of development are funded ill a. TRP-
like endeavor. After early R&D funding is provided ill a conventional way, the
1TRP enters the process as a development paltner, investing as much as h'alf the

Oi- total cost of the effort. As shown in the bottom line, the proposing team,
partnership, or consortia performers a technical effort selected along several
critcria including a promise of both commercial viability as well as compelling
benefit to the DoD. When commercial viability as been established, TRP-
financial patdicipation in the venture ends and the partnership moves ahead
towards a dual-use product.
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There is much misunderstanding about the dual-use model. Unfortunaloly, too
many have tried to warp the definition to serve specific special interests. tis
not a program for defenise conversion but rather a model for a new way of

digbusiness fo h o. ti tf an experiment in Cornmnercial-Mihitary
Integration in which the governimenit is no longer simplIy a customer but rather
a partner in a large activity that has a chiefly commercial objective.
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1'he first is the area of Community Adjustment Assistance and is one of the
caiegories that is most most concerned with defense conversion and transition.
These are activities directly aimed at helping individuals and communities
hard-hit economically by defense down-sizing. The OEA was created in 1961
to help cortununities cope with military base closures and organizes planning
groups, provides planning grants and help develop reuse plans. The EDA has
broader authority with an annual budget approaching $100 million. In the DoL
EDWAA, in partnership with state and local agencies, has a FY 94 budget of
over $1 billion to provide expanded training programs for displaced defense
workers including counseling , retraining, and job search.
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The third pillar of the program is devoted to the integration of the commercial
and defense industrial bases. Three of the mnost important strategies are shown
here. At the highest level are certain legal impediments. the DoD must be
given certain authorities for streamlining small purchases and trying out new
ways of doing business. The DoD must revamp its own web of regulation and

- specification that hobbles most commercial companies in trying to do business
with the government. Finally, and its relative position here is probably correct,
is the strategy of dual-use.
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The IPM strategy is a proven method for developing and transition new
materials and manufacturing technologies into both defense and commercial
markets. It allows industry to continuously assess the economic viability of the
manufacturing technology under development -'nd has the capability of
developing flexible manufacturing systems such that small lot size defense
pcoduction requirements can be accomplished on high volume commercial
manufacturing lines.
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A three p~art solicitation was developed to assist teamu forniation and to
hopefully reduce non-comipetitive proposal writing, The first stage called for
submission of descriptions of capabilities to aid teain formnation; the second
stage evaluated proposal abstracts and the third stage will be final competitive
proposal evaluation. Materials pr~ocessingi and inan ufacturing technology
development is pursued with clear busiticss strategies arid thc impact of process
equipment development is assessed with manufacturing, cost modeling. ARPA
will invest about $40 rnillizon over five years.
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* PrducP~h~us~, lexbleCopper-Induin-Diselenide (CIS)

Engine Coati ngs: Thermal barrier
Erosion resistant

Thin Film 1-TS: Communications
Medical Instruments
Imaging

* Teaming
Interdisciplinary approach is emphasized to achieve all aspects of
programn - developmental and manufacturing

C ommercialization
- Business plans
- Technical cost modeling
- Pilot scale manufacturing
- System insertions
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The administration's efforts in defense conversion, reinvestment, and transition
span many Departments and Agencies beyond Defense. There art three
thematic pillars which make up this activity. Two are described here and I will
talk about them first because I won't be touching on them much afterwards.

VE



Process and cost optimization are. aisc. linked to the busi¶Aess plan.

The price a commodity can beN-ar will influence the extent or type or process
optimization that can 'be justified.

1W The plans layout thfe roadmap the technology and business must follow to
ensure commercial success.
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Activity-based approach simulates fabrication and assembly costs,

Competing materials, processes, and technologies can be assessed,

The justification of a new process and equipmrent. hinges on a stroug econornic
story.

In complex processes, this justification is not a simple analysis. A total
manufacýturing cost approach is more applicable than traJitional accounting
analyses.

For example business.,, nsitivity to chaniges in product designs, process
conditions, and market projection cank be assessed.

How good is goad enouighi?

Use the market current and future requirements to dictate how "good" the
process must be

-Market Analysis

-Business Objectives



ureo 'evels of Integrated Vrocess Control

'41. The Manufacturing Process

3. Model-based control
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The HIM strategy is tG develop a materials manufacturing systemr that achieves
cost-effective product p~roductionI throughi development and application of
appropriate modeling, on-line. sensing and multivariable proces control. Th
process model captures the most curce-it scientific or heuristic knowledge of
the process in a computational format for process scale-up~ and control
purposcs. As additional process knowledge develops this computational model
can be updated and process know-how maintiained. A process sensitivity

* ~analysis run on the model p~rovides insight into the critical process parameters
for oni-line sensov development. On-line sensing is also desirable for c.ritical
product parameters which provide on-line quality control. These on-line
sensors require advanced algorithms in order to relate the multiple sensed
signals to the multiplol process control variables in closed loop controller.



The Department of Defense has literally spent billions of dollars on research
atnd development of new materials. Most of these efforts resulted in
intellectually interesting research publications but relatively few have
transitioned into either defense or commercial products. Why? Because the
metric used in judging the success of a program or attractiveness concept has
been materials performance, with little serious consideration of manufacturing
cost. In the past, the goals of stronger, lighter, stiffir, more corrosion resistant,
higher •4rength at elevated temperatures were pursued with the assumption that
if the material offered a signification perfoirmance advantage, the military
would pay for it. These days, in times of limited resources, shrinking budgets
and highly volatile defense markets, the notion of cost effective )erfor ance

and defense production on commercial manufacturing lines has captured
significant interest, The application of intelligent processing of materials (1PM)
methods, coupled with manufacturing cost modeling and corporate commitment
establishes the structure to do just that.
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Good afternooni, 1 aw Bill lBaiker from Lthe Dcfense Sciences Office of ARPA.
I runt a variety of Programs in DSO including metal matrix and carbon/carbon
composites; CVD Diamond; large format multichip nioduic manufacturing; and
vapor processing of manterials. The unifying theme of all those programs Is the
developmnict of- cost-effective, materiels processing and manufacturing
technology vi~a intelligent processing ot materials methodology.



The infrared sensors have appliclition iii multiple application areas, with
uncooled ilhlrare s ensors having the b)roadest applicability due to their lower.--1 cost and logistics simplicity. The. major areas where uncooled infrared sensors
can be used is in mianufacturinig, environmental, inedical, plaint security, and as
aircraft landing aids. The initial iaitroduction of uncooled sensors will be in the
mobile market, with automobiles the highest volume potential UMCV. This

- miiiaket is closely relatod to tie pol ice and security market, where prototype
uncooled sensors have showni their utility,
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With the advent of iniicroclectronics, the possibility of iitCorniation

processing waýs mnade, readily available. Fromn that point, the introduction

of solid-state sensors allowed the gathering of intorniation as well as

processing power... mind with inijeroactuators, it will soon be possible to

actually control the environmient with fully active closed-loop systemis, in

addition to gatherinig and proces'sing informiation.



This Integration mnap shows the development in MEMS from a different

perspective. The abscissa represents the number of degrees of mechanical

freedom in a MEMS tc~chnology, ind the ordinate is labeled with the number

of transistors on a MEMS &-vice. The transistor-to-degrees of mechanical

freedom-ratio, therefore, demonstrates the area of this technology that hats

been explored, and gives an idea of what remains.
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Infrastructure is another crucial aspect of the ARPA MEMS Program.

Without fabrication services, it is not possible for many organizations

such as universities and businesses to invest realistic amounts of time and

capital in a new technology such as MEMS. Thus, ARPA has begun a program

in which relatively inexpensive MEMS fabrication services are available to

the general MEMIS public. MCNC in Research, Triangle Pak, NC has been a

maiin contributor to present for providing MEMS fab services. Here is a

example of a Multi-User MEMS Process (MUMPs) run. Several organizations

submit designs which are all within sotrie design constraints, and MCNC

provides the services from zhe initial masking to release, if desired. In

conjunction with Tanner Tools, who have written a software package for

layout and editing, MCNC now offers a short course for the MUMPS Process

and LIGA, which was discussed earlier to some degree. MUMPS has shown

marked improvenient in interest from universities, industry, and federal
Sorganizations as well. For a mere $500, one can submit a design and

receive it twelve weeks later, oi ,a I cm x 1cm chip. Additionally, 4'40% of

the u.,ers are getting their first access to MEMS technology through MUMPS.

lo
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The test and evaluation stage of research and development is already
underway for particular pr'ogramns such as the MEMS Fluid Flow Analysis
Program bWing conducted at the David Sarnoff Research Center. They have
generated real-time, 3D image sequences of fluidic microdevices during
operation, and they have also extracted and analyzed flow characteristics
within the microdex'ices.



The Deformable Grating Light Valve has an aluminum top electrode and

reflector which is the reflecting surface of the silicon nitride, which has

parallel beams going across the frame. Directly beneath that is a silicon

oxide spacer, which allows the aluminum reflector/electrode and silicon

nitride beams to be suspended above the substrate surface. The beams are

held up by tensile stress when there is no voltage applied, and they are

puuled down electrostatically when a voltage is applied. The DGLV is an

electromechanical diffracti' a grating; when the beamis are in tensile mode,

incident; light normal to the surface undergoes perfect reflection, as a

grating would be with a half-wavelength spacer. When the beams are

undergoing electrostatic pull, then the effective spacing becomes a

quarter-wavelength, which in turn is equivalent to -I-diffraction and

+1-diffraction for incident light normal to the surface. In summaiy, the

DGLV is a silicon surtfce-microinachined deformable grating modulator, a

one-mask process; it is high-speed, and demonstrates bistability, RGB color

capability, and has potential as a head-nIounted and projection display, as

well as a possible SLM Application.



Cornell University and Carnegic Mellott are among some of the academic
r institutions working on developing high-density ilnss data storage systems,

which aim for near-term goals such as a 10 Gigabyte storage element with

I10mm x I10mm x 2mm volume.
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One of the application areas to which MEMS is relevant is Fluid Sensing

and Control, or Analytical Instruments. Examples of this include a bulk

micrornachined gas valve, being developed by Redwood Microsystems, with a

0.1-1500 ml/minute flow rate control. The Fluistor, sAown here in a .;size

comparison with a regular flow control valve, can withstand up to 200 psi,

which is the specification for the Porter Valve shown. 1 hus, you are

effectively looking at two versions of the same valve, the only differences

being mass, cost to produce, and convenience to install/portability. It is

evident that the MEMS device is clearly advantageous for a number of

reasons. The Fluistor works because a silicon diaphragm is heated

ohmicalhy when a current flows as a result of a switch being, thrown; the

co.atrol liquid within the cavity expands and causes the diaphragrn io bow

outward, which in turn cuts off the output flow of fluid. When current is

zero, the liquid cools down, allowing the diaphragm to relax which in turn

allows free flow. One disadvantage of this scheme is that the response

time of reopening the valve could be a bit longer than a purely mechanical

switch.,.depending on the thermal properties of the control liquid, and the

amount used, however, this specification can be, and is being, inproved upon.
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Inertial Measurement is a major contributor to the development of MI2MS.

The Ifigh-Dynamic Range Aceclromietwrunder development by Draper Labs and

the Monolithic Surface Micrornachined Accelerometer, a product of Analog

Devices, Inc., have both shown remarkable success as MJ3MS devices with

poten~tial high-end applications in both defensive and commercial systems,

The High-Dynamic Range Microdynanmic Accelerometer has withstood up to

Il0O,OO0g's in flight. the electron ics and other associated par-tts of the

accelerometer tend to tnalfunction as a result of' high acceleration before

the actual accelerometer does. There arc. clewiy advantages fromn a
military perspective of installing the accelerometer within a long. range

missile,. lox reduction in ordinance, less chanucc of fratricide, etc.
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Analog Devices has develuped the ADXL50) chip, which, is presently

installed in 1994 Saab Automobiles. Analog Duvices has leveraged from

thoir ADXLSO fabrication pfocess, proceeding to develop froil this

technology a poteiitial conmmun, commercial and defense fabrication and

manufacturingy process. Int addition, thme advont of TRP will emphasize

dual-.use teclmmmology as new devices are developed and prototyped tbr

application insertion.



Although 11ost people would tend to associate MLMS with miniaturization,
itis crucial to realize that mn~iai~turization is only one of the advantages

that MEMS has to offt-r. Multiplicity leads to lower unit costs, and higher

functionality implemented via a large numbegr of interconnected simple

components, Additionally, miceroelectronices technology is being used for

the purpose of develophig mechanical systems, whic~h leads to better

integration of systems, such as integrated sensors, actuators, and
13 'irýelectronics forming monolithic systemns, as well as the fact that

hunnin-millelnia of' investments in expereise, equipmenC1t, and nialtijals of IC

electronics will accelerate developments, acceptance, and cost reductions,

HMW



Within AR1PA's IVLMS programu~ objectives and plan, are intentions to

realize advanced device mnd systems concepts, to accelerate product

p ~developmenet and insertion, and to catalyze a technology infrastructure.

For these focus areas (inertial sensing, distributod sensing and control,

optca bam steering, etc.) to eventually reach insertion levels in both

commercial products and deii-zise nieeds, it is essenitial that a strong

infrastructure be established, conisisting of elemients such as shared

design, aossembly and fabrication services, a distributed data and knowledge

network, and the development of maniulacturing and packaging equipment, as

well as testing, visualization, and chiaracterization tools,



This slido depicts two typ~es of ftabrication techniologies for MEMS, bulk

m~cromachining and surface mioromaclii ting. B3ulk niicroniachining consists

of LAisotrupio etching; of silicon watlers, which allows for only constrained

geomletries anld limited Ic compatibility; however, it is a1 very low-cost

4 ~process. Surface micronhaclliniiig consists of alternating, deposited

thin-i~-liu. This allows for free-foni, planar geometries, and better WC

compatibility tHin bulk microniaclijuing.

j
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4 ~The projected growth of MEMS am a market factor is made difficult by

thie fact. that MLMS technology is enabling in nature; it is not foreseeable

to what extent MUiMS will actually aflect everyday electrical and mechanical

devices and coinponotts in products buth commercial and military. A

conservaiivo study conducted outsidu of'ARPA has shown that MUMS is
capable

ot enabling $1 WX b)illionl in new or improved systemls lhy the year 20(M.
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Microelectroiniecliauical s;ystemis are the new enabling technology which

will allow industry to leverage microelectronics fabrication for the

pu1 rpoe of making electromechanical systems. This enabling prop~erty of

MEMS, particularly in areas such as fluid sensing and control, optical

components and displays. portable analytical instruments', data storage, and

inertial mieasurement, will provide revolutio~nary changes in the way weK ~sense and coni~rol the environmient.
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The goal of continuing the historic increase in electronic syster s peroriance,
beyond the point where conventional approaches brecik down, is a significant
challenge. The budgets to address this challenge for the Ultra-Electronics andI.Ultra-Photonics progi-ams are approximately, $13 minliun per year and $ 10
million per year, respecti iely. This represents a substantial investment in the
developmeiit of alternative technologies for future information processing

systems.



The Ultra 11 Electronics and Photonics progranm is an extension of the Ultra I
program. The ojcieof the Ultra program has been to develop materials

depsiton echiqus, attia prcesingtecniqesand novel devices.Th
program goal is to meet the challenge of maintaining the trend of increasing
electronic systemus performance, beyond the point where conventional silicon
IC te-chnology breaks down. Tho. program has two thrusts, Ultra-Electronics
naiariaged by Jane Alexander and Ultra-Photonics managed by Robert Leheny.
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One method of reducing the drive power required for transferring data betweencomputer subsystems is to convert the signal to optical format and use fiber

cabling. The load on the output driver is now a laser transmitter rather than a

lengch of cable. Since the silicon chips currently in use don't emit light, we are
investigating the mounting of a "lifted-off" laser transmitt.er chip directly on
the silicon, in a type of multichip module, that allows processing the final
metalizatiov. of the combined chip just as if it were all silicon. Key to this

application are arrays of low threshold surface emitting lasers,

fit.
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Over the past three decade's the continued performance increases of electronic
information processing systemis has bc.;n directly related to the increased
performance of silicon ICs. Performance at the IC level can be measured by
the product of transistor count, or density, times clock frequency. Transistor
count translates directly to the number of logic functions that can be performed
per chip. Clock frequency translate3 to the number of times per second the
logic gates can be cycled. Historically, these performance parameters have
been directly related to the dimension of the individual transistors. In this way
increased performance at the systems level has directly related to shrinking
device size.
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Novel infrared detection devices must address affordability as well as
improvements in perform-nce. The largest impact in affordability is through
reduction in cooling and packaging cosL. Advances in thin film uncooled
devices offer a large pay-off in system performance at an affordable cost.
Oter material advances~ thermoelectric materials can also play a major role in
reducing cost for systems requiring cryogeniic operatioii.



VWithai the cominiig decadle, 11c sc.atinig laws that have guided desigiuer.'.ki
shrinking Ur~aisis'or dimensions will begiin to run into physical constraiatmi as
the size of state. 'f-the-art transistors rcac;h Ilic point where 4UMAtU.-Y effeCts
become sigiiifiemit. However, the twiwiviloz will be gradual. Initially, before
reaching ffie point where only quantum-j devices call operate, there will be a
traZimitictl region were noval approaches to con-biniing new quanltum dwievies
with moure traditiona) devices will satisfy perform ice rcquiromn lts
FDxpua-ence with dielsc hybri4l ICs wi.ll guiide development into the next
gtncraitiorns whiere quwitum devices will do~miate. Ultimatejy, electro-acs
based onl iaLeractio&n at the atomic level will be required to achiievo thle highe-st
possible j)Crtormardce.
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The ubjecLives of the Ultra programi aic to develop uIlia dense, ultr-a fast
electronic mid photonic devices based on quantuin well waterials, and devices
and to exploit non-traditional approaches: to mnate~rial ilmtegratioii. B~oth
objective- we aimned at realiziag the. novel coni1joneInts required for future

.1 generation coinputer aipplications. Advancing the state-of-the-art in mnaterial
depositicni control Land nimatefial fabrication technology are just two way," Lo
mneet these objectives. Ini addition, this program strives to advance device
performance, beyond the limits set by parasitic efflects in today's technologies,
to aclii.vc performvauce at thec v-ery physical Fmnits of the materials being

employed.



yr

'A ThQ Ultr-iA clectronics jprogami has already successiully dezuoistiated
imiproved finictiomial-deiisity circuits inl the furin of a 3 -bit All) conweilcc with
greateri than 5 Giaerzfequency lim-fornialicc. It has &l o demonstrated
methods io improve the substrate &Wriperature comitxo for N4S3I growthi anid
dcmiost~rated self-asweinbly 01 Clectroniii niatrial str'uctures5 With l01111 lcength.
Thoi Ultra-I Photonics program ha:, succe~slfifly demuonstrated the advantages
of hybrid intugration of both p;hotonic and clectroideccomponents for parallel
op~tical ill Lo (nniect.', It has; daixiomim rated the application of' thermal fusi on of'
diksinmilar inaterials to rcaliA.e a D1. ýel VCemikaJ Cavity Surfa~c E~mitting laser
(clpeiatiig at 1 3iiiianid (lie use of'optical probes to nieasure thl; temprlnta
vespon)oI15 M ano-s(cale structures on a 1Ut~uosecold timensale, It is. ott this
base of accompimpshmenets t hat dice Ultra-IL piogi-ami will build.
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Resoniant tunneling devices exhibit a unique current-voltage relationship which
can be used to performi logic functions. Simpi~e resonant tunneling devices
suffer from limuitationis conmmon to all efftorts aimed at using two terminal
devices ini complex circuits. However, by introducing a third control terminal,
resonant tunneling devices cmn be fabricated that exhibit a combiuation of
bipolar and tunneling rcslponse. Using these iiovel devices it is possible to
realize a simple exclusive-NOR circuit with a single. active cemeiicat that can
functionally replace a bipolar version that requires itine transistors, The result
is a significant saving~s in the space and power required to /eaC Ie his
implortant logic I uncti oni



At the core of the Ultra lPhotoiics programi is the ititegration ol photonic and
electronic devices to create "smart pixels". Smart pixels integrate optical

* -detctlor and t'ailswitter elements with suflic~ielit electr-onics to allow limited
logic funiction~s to be pelformued on detected signals locally. The resulis tlhen
determine the outp)ut optical signal. Giveni the very different materials
i-equireImentf for' photullic and clectronic devices, one approach being explored
is to separately optimize both optic~al and electtoiun funictionts. Thzis appr)oachl
uses !separate material structures that are heterogeneously integrated, for
example, through "lift-oll' of elpitaxial filmis. Arrays of "smart pixels'' are
being studied ft) realize highi performiance optical routing for oplical
interconneci ion and '3-D olptical computing. A longer tel in goal of the Ult~ra
Pliotoiiics prograin is to determine thle limits oh' tiuantuiln structures 1,61 opth(41l
device applicaticaiis.
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Two dimenisioni u ays of' ojptica1 beamvs, wltcte each bcujn can be miodulated
and directe-d indepcndently, providet; the possibility of largo signial lFAN-OUT
and lAN-IN. In pri~icipal, at very largQ number of chainnls (100's-1,0OO's)
ean be manipulated this, way with very little power Consumption pet Chanmnel.
Thme use of iree sp)ace olptics, witlh beamls Crossing, atiows, high algofithimic
efficiency. T1his is particularly true when one considers that the number of'
ojptLCU Coiillnetiuiis to a givell iwde doesni't inifluence the capacitive loading on
that node, A key vadvwiumt,,e is tliui Unlike electrons, Which stronigly initeract
and thereby limit inteicomneet pcirrn mu ice, pliotomwn don't interact b~ut are
excel lent carriers of inlormnlationl.
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,The strategy of' the Ultra-1l E.lectronics awid Photonics Program is to build on
the successes of the 1.lra-I Program. The principal thrust will be to exploit
hybrid circuitry, c:ombinatious of naeo electronics with traditional electrounics
zamd electronics with photonics in the. fourn of "smatt pixcls". At the same time,
tile prograill will sUlpport near term roseach on deposition and processing in
support of this thrust. Longer termn research in the area of electronics will
include work on silicon versions of ill-V nano-clectronics, for eventual full
integration on silicon, and chemical self.assembly for fabrication ot devicUL,
with atomic dimensions. For photonics, the program will include integration
based on hicterogenuus muaterials and device stLuLtures and research defining
I1 physic'l limits of devices fw information processing,
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The principal DoD goal of the Ultra-ll Electronics and Photonics program is to
minimize the impact of physical constraint barriers on the perfoimanae of
ciitical electronic information systems. Ifigh perfbrmance elecftronics are
criticai to maintaining the computational and communication power required
for near perfect real-time knowledge of the enemy and his environment. Two
principal pjhysical constraints have an obvious bearing o0. limiting future
e!ectronic IC performance. One constraint is heat dissipation at high device
density. The other is reduced responne, time as cui'cut drive power shrinks
with shrinking device dimensions, The Ultra-Electron ics program se.eks to
deal with these issues through increasing the computational dunsity of ICs by
inlroducing multiievdL logi.c devices relying on quantum effects. The Ultra-*
Photonics program deals with these issues by providing a meaus to increase
interconnectiois without increasing capacitive loading. Ultimately future
systems will combine the hest of both aplroaches to achieve optimnum
performalce.



7- Good afternooni, my name is 13ob LAeheny. I am one of two prograil imanagers
i-esponsible for AR1V~t's Ultra program, My objective this afternoon, is to
p~rovide you with the vision and direction of AR1PA's Ultra 11 - Electronics and
Photon ics prograni.
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Military Operations Other Than War (OOTW) encompass a wide range of
activities where military power is used for purposes other than large scale combat
operations. Examples of these operations include disaster relief, military
counterdrug operations, peacekeeping, and even surgical strikes. With the
passing of the cold war era, our armed forces are being given missions that are
different from the traditional wars of attrition and destruction. Although
preparing to fight and win the nation's wars has always been the palamiount
objective for U.S. Forces, ensuring a stable peace has taken on increawed
importance. Special tactics, training, and equipment are demanded to meet
objectives.

Some of the factors that make OOTW different from combat operations and
CorLJLuUuL LU ULL ULL'' IJkC1 iaI'i are: 'L/ LI y are often. conuuLLCU as pil.

of a multi national coalition where the us is not in charge, 2) there are restricted
rules of engagement that limit full application of military capability, 3) urban
operations often present large crowds of civilians and language barriers, 4)
operations are decentralized and consist of small units, ;nd 5) there are intense
political pressures to minimize casualities 4nd collateral damage.
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J. Within the militaiy OOTW program element, we are. currently concentrating on
tie followin,; technology thrust areas: situational awareness, less than lethal
technologies, personnel armor, de-m-ining, and simulation. ARPA's advanced
electronic design and fabiication techniques such as multi-chip modules (MCM).
ritcro-electxo-mechanical-systems (MEMS) and low power consumption circuits
will N; uised to ininiaturi -- systems for geo-location, navigation, and data
transfer, Advanced computerized .cech processing and irnerpretatioil
uechnologies will provide a near term tacitical translator. The initial capability
will be limited to korean/english words and phrases suitable for use in a tactical
hq environment. Gther laiguages, additional vocabulary, and a hand held
configuration will follow in fulure developments. The mine threat will be
addressed with the development of improved mine detection and location

capability and mine removalJ and neutralization techniques. This will address
bothi tactical anti-mine operations and the peacetime clearing of the more than
100 million mines left behind lin the world. Wall penetrating imaging and saiall

-* weapons detection equipment will address hostage situations, terrorists, and
gueiilla threats. improved personnel armor will exploit P~ew materials and
fabrication techaiqueýs to reduce the large number of ootw casualtics to small
arms fire and fr-agmients. Improved simulation~ techniques will be sought to
enhance traiving for OOTW uniquec environments and tactico..
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Based upon the assessment of military OOTW requirements and current
equipment capability, we formulated an ARPA R&D program to address the
shortfalls. The program strategy reflects a multi-office effort To increase
military effectiveness in multi-national and multi-lingual OO9'W operations
through affordable advanced technologies. Those technologies that maximize
response to achieve goals, protect the lives of friendly forces, and minimize
collateral damage to non-combatants will be emphasized. Dual use military•
and civilian applications are also sought.
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A,., analysis was cond ucted of OOTW oixeraions and current system
capabilities. The operationial shortfalls thiat we felt could be addressed by arpa
techrielgy development are shown here. Situational awarenesi shortfalls
include ability to assess status and position of both hostile and friendly forces.

Light weight man-portable sensors are neede-d that can be operated and
st~pported in OOTW smat'l. unit scenarios. Body and vehicle pro'zcctioii needs
reflect tihe widespread use 31 simple weapons such as rifles, mortars. and ifliies

by 001OW threat forces. Restricted rules of engagement and the emprhasis to
miniaozc casualitics on both sides make many cconvenitional weapons and
tactics unsuitable. This is because they have the poteontial for excessive

I. collateral dam~age and/or casualties to non-conihalants.
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The goal of the tactical operations supot(O)trs ae ~t eeo
prototype equipment for use by field agents and operationa; personnel duri-ag
inves-tigation, surveillance, and pursuit of suspected drug trafficking personnel,
vehicles, and organizations. In the electronic surveillancc measure,- aica atre
technologies to intercept new conimurkications media suchL as fax and de.ialar
radio. Ji the data anialysis area we are developing improved capability for the
FBI to an alyz', computer storagc mnedia seized during aarcsts, and we are. also
working With the Department of Treasury to incre'~tse the speed fur p~ocsn
bank secrecy act forms using a inassively parallc! cýomputer. Surveillance and
tracking efforts have resulted in the. development cof a mi,.ýo-gps 6 r1hanne! c/a
code receiver using mul'ti chiýp mnodule, congtruction, a solid state -niniaturecaudio
recorder capable of storing up to four hours of conversation, ,did automatic
facial re-cognition algorithms with a 90% probability of corre-ctly identifying at
target face to within 1% of the data base population. Other efforts include
covert radar beacons for aircraft, and tracking tags for special ceuwzterdrug
missions. The demand reduction efforts 'A investigate techaiq:ies to i~p-rove

dod procedures for field colluccion and labora~ory testing for drug use.



"Thlis oppo)rtunlity for a naturai partnership between the Departmient of DefenseF a n D e a rt n e n ~ f u st c e a s o r mia liz e d in a M e m o ra n d u n i o f A g re e m e n t
sigtned oni 20 April, 1994, by Jolui Doutch, Deputy Secretary of Dcefnase, andri Janet Reno, Attorney General. Although there is a long history of technikal

coopratiIi btween defense and law enforcexnmit, this foim11alization will
mawke ecooperationi more eff ective. and. efficient.
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The current emphasis in the wide area surveillance (WAS) thrust area is
technology enhancements for over-the-horizon 'adar. The enhancements are
specifically oriented toward the DoD relocatable over-the-horizon radar
(ROTHR) used in support of cuunt~erdrug missions, although the technology has
application to oth in general. Technology enhancements are being investigated
in the following areas: atmospheric noise reduction, tracking of low speed low
altitude targets commonly used for drug trafficking, coordinatc registration,
equatorial clutter reduction, beacon assisted tracking, altitude determination,
and imbedded communications. Efib�ts to date have resulted in a 4/1

improvement in tracking accuracy using a tracking beacon, 25% increase in
track duration, and 10 db improvement in lightning noise suppression. The
track continuity enhancements are currently being transitioned to the Navy
ROTHR.
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The MOU defines areas of conumon interests, and establishes a framework for

three categories of effort. The first area is to identify and make available
exisiing equipment from the DoD that can be useful in law enforcement
missions. The second area is to share results of on-going technology programs
at both defense and justice. The third area is to identify new joint technology
programs to receive funding from both departments. During development for
projects in this latter category, each department will fund the integration of the
resultant products into its operations. Initial efforts under the mou will be to
survey OOTW and LE requirements, applicable technologies, and ongoing
programs. During FY 95, a small program organization will be put in place at
arpa to refine program plans, shift selected existing programs in the desired
direction, conduct concept demonstrations, initiate solicitations for advanced
technologies, and begin managing programs that are already in place.
Programmatic decisions will be made by a joint program steering group (JPSG).
The JPSG will be chaired by DoD, and consist of both Defense and Justice
technical personnel physically located at ARPA. Overall guidance will be
provided by a senior review group at the department deputy level.



As this now program is initiated, there will be a number of new opportunities
for industry participation. This chart provides an example of a few of the areas
of interest. We will be soli,;ting, for prototype systems to detect, locate, and
bring counterfire to sniper, small armis, and MOrtar threats. Counterfire
techniques using both lethal and non lethal (i.e. Laser dazzlo) are sought.

Improved de-.mining capabilities are sought, including existing systems that
Could be evaluated in a field test and also; new technology. Capabilitics include
mission planning, wide area detection, precise location, removal, andl
neutralizationt.

4 ~ in the armor area, we seek- new materials and fabrication techniques for body
armor and also for extremity protection. A relatively low cost and safe device
that would detect smiall arvis hidden on a per~son or in a i .niall package is sought.
This would be used for urban warfare, cro~wd control, and building security.
Also sought is a wall penetrating imaging system to be used primarily for
hostage situations.

In the OTI- radar area, we seek additional technt. ogy cNihancements.
lImproved NIl techniques are sought using nuclear, x-ray, chemical or other
methods.
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The infi-aid sensur perforiuaace requirements for the various applicationi areas
are doteimined by the i,.soluiunj1 and thermal sensitivity, For thle generic
application arem., of aircraft, vehicles, missiles, and mvpi-portable / support
vehicles, the resolution ranges fr-om approximately one-tenth of a inilliradian to
one nijiliradian, and sensitivity from one tenth of a dogiee to one hundredth of
a degree. Cost for this broad range ol specifications can be froma fi.-fw
thousand dollars to several hundred thousand doliars. The lowerý cost systemsP ~re generally star~ing arrays with mirirna1 cooling requirements- and thle higher
cost array,; are genvraily higheri reution scanning arays which requiro
cl-yogetiic ccoohng and a high level ol. optical stabilization.



Thie objectives of novel delecLor development Lore to reduce the cry ognic,
T ~burden on infrared systei-mvs, and conltiniue to address aifordability while

enhanmcing perfurnmnce as much as practical. Novel cryogenic pkaging will
also be investigated t(o further reduce th - cost, for the arrays requiring
cryogenic cooling. These new cooling techniques will be based uponl battery
operated thermoelectric approaches to infrared detecaor cooling.
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The cost of the current technology of infrared detection devices are. driveni by
the cost of the cryogenics, which consists of' the cooler and cryogenic package
for the focal plan ai-ray. This asstumes that the detection device itselt is
produced in quantities of approximately one liundred per mornh. Shice the
detector is produced using a semiconductor manutfacturing process, Wts cost can
be reduced considerably through volume. manufacturing. The assembly of the
cryogenics, however, is difficult to reduce even with volume manufacturing.
The assembly processes for the cryogenics arc. more labor inteusive and
difficult to automate. Elimnination of the cooling is the ultimate solution to T.R
system cost reduction. Howevecr, this requires colit;iderable improvement in IR
detection- technology to achieve comparablo; performance between Cooled and
uncooled detectors.
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The current uncooled detector tecluiology is limited insensitivity by tile
material technology. This limitation leads tothe need to provide a large optical
collection aperture, which limits system resolution in order to stay with in
practical size and weight constraints, With improvements in detector
sensitivity, the resolution can be increased to provide both the thermal
sensitivity and resolution necessary to increase therecognition range. This
requires significant advances in uncooled material technology, a major
challenge to material development.

Several material choices are available to improve the performance of infrared
detectors. These include both theferroelectric and bolometer type materials.
Some of the materials have been dcmon.:;trated the necessary properties in the
laboratory, but few of the new materials have been demoastrated outside of the
laboratory environment. Array technology with these new materials does not
exist. The challenge in the materials area is to increase sensitivity about an
order of magnitude with decreasing pixel size. Thermal isolation and gocd
radiation collection efficiency must be maintained which this larger fill factor.
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The design of the unit cell for the detector siructure is important to the
performance of the device. The thin film structure is built in a monolithic
architecture with the detector material integrated with the signal processor.
The current design of ferroelectric detectors is considered hybrid, where the
detector and signal processor are fabricated separately and boaded together or
hybridized.
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The military market for iuncooled infrared sensor can be gneatly expanded by
increasing the detector rea-olution (smaller individual detector cells) and
improved thermal sensitivity. Larger higher density arrays are important in
many cases to provide large search coverage for base and peririieter
surveillance. In some cases, such as missile seekers, approximately an order of
mnagnitude increase in sensitivity is necessary. This improvement must be
made with .7ost remaining a primzary consideration.



7i

For infrared sensors that require cooling there are solid state cooling concepts
to decrease the cost of the cooling system. These are based upon
thermoelectric cooling which operates on battery power. Thermoelectric
cooling can today cool to approximately 170k. This cooling is sufficient to
operate some three-to-five micron infrared detectors, but is not generally
applicable to all infrared systems. Thermoelectric cooling requires sufficient
development of new material to improve the thermoelectric efficiency factor
(ZT). Typical values of today are approximately 1.0. An increase of ZT to
five will bring thermoelectric coolers into the temperature region (80K) where
they are generally useful for infrared detection devices.
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A future application area for infrared detection is in the multi-function forward
looking infrared system. in many applications, the sensor must conform to the
physical shape of the platform. In these applications reducing or minimizing
the cooling is important to the mission functions and platform requirements.
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Though they are different, there are strong similarities between OOTW and
Law Enforcement. Widespread availabilty of increasingly powerful weapons,
rising violence on our city streets, and continued distribution of illegal drugs
have intensified the threat to law enforcement personnel. Meanwhile, the
military rules of engagement for ootw place severe limitations on casualties

and collateral damage often resulting in a set of options similar to those
available to civilian law enforcement. This convergence of roles has

stimulated discussion between DoD and DoJ users and developers alike. This

provides opportunity for a natural partnership between defense OOIW and
civilian law enforcement agencies to develop a joint technology base for

common requirements.
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Within in the counterdrug program element we bave three major technology
thrusts: non-intrusive inspection, wide area surveillance, and tactical operations
support. In the non-intrusive inspection thrust area, we are developing systems
that can detect drugs and other contraband with minimal impact to legitimate
shipping. Crossing into our national borders each year are over 10 million cargo
containers, 100,000 cargo ships, 120 million cars and trucks, and 600,000
aircraft. Only a small percentage of these entries can be inspected at the 300
ports of entry. Current inspection methods rely on unpacking and visual
inspection, a labor intensive operation that requires approximately 20 manhours
for large containers. New technology will enable a significantly greater
percentage of inspections with far less manpower. Evaluation of the high energy
x-ray system has shown a capability to provide a correct detection decision with
93% probability when inspecting large containers containing operationally
significany amounts of cocaine. Current projects include a mobile/transportable

inspection capability for the southwest border, chemical detection devices, and
technologies for inspection of small packages. NIl developments are planned,
executed, and evaluated with the direct involvement of the civilian law
enforcement agencies. As an example, in the evaluation of the x-ray system,
personnel from the us customs service participated as part of a red/blue team
operational test.
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